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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention is in the fields of molecular biology and cellular 
biology. The invention is directed generally to activation of gene expression or 
causing over-expression of a gene by recombination methods in situ. More 
specifically, the invention is directed to activation of endogenous genes by non- 
targeted integration of specialized activation vectors, which are provided by the 
invention, into the genome of a host cell. The invention also is directed to 
methods for the identification, activation, and isolation of genes that were 
heretofore undiscoverable, and to host cells and vectors comprising such isolated 
genes. The invention also is directed to isolated genes, gene products, nucleic acid 
molecules, and compositions comprising such genes, gene products and nucleic 
acid molecules, that may be used in a variety of therapeutic and diagnostic 
applications. Thus, by the present invention, endogenous genes, including those 
associated with human disease and development, may be identified, activated, and 
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isolated without prior knowledge of the sequence, structure, function, or 
expression profile of the genes. 

Related Art 

Identification and over-expression of novel genes associated with human 
disease is an important step towards developing new therapeutic drugs. Current 
approaches to creating libraries of cells for protein over-expression are bated on 
the production and cloning of cDNA. Thus, in order to identify a new gene using 
this approach, the gene must be expressed in the cells that were used to make the 
library. The gene also must be expressed at sufficient levels to be adequately 
represented in the library. This is problematic because many genes are expressed 
only in very low quantities, in a rare population of cells, or during short 
developmental periods. 

Furthermore, because of the large size of some mRNAs, it is/difficult or 
impossible to produce full length cDNA molecules capable of expressing the 
biologically active protein. Lack of full-length cDNA molecules has also been 
observed for small mRNAs and is thought to be related to sequences in the 
message that are difficult to produce by reverse transcription or that are unstable 
during propagation in bacteria. As a result, even the most complete cDNA 
libraries express only a fraction of the entire set of possible genes. 

Finally, many cDNA libraries are produced in bacterial vectors. Use of 
these vectors to express biologically active mammalian proteins is severely limited 
since most mammalian proteins do not fold correctly and/or are improperly 
glycosylated in bacteria. 

Therefore, a method for creating a more representative library for protein 
expression, capable of facilitating faithful expression of biologically active 
proteins, would be extremely valuable. 

Current methods for over-expressing proteins involve cloning the gene of 
interest and placing it, in a construct, next to a suitable promoter/enhancer, 


polyadenylation signal, and splice site, and introducing the construct into an 
appropriate host cell. 

An alternative approach involves the use of homologous recombination to 
activate gene expression by targeting a strong promoter or other regulatory 
sequence to a previously identified gene. 

WO 90/14092 describes in situ modification of genes, in mammalian cells, 
encoding proteins of interest. This application describes single-stranded 
dligonucleotides for site-directed modification of genes encoding proteins of 
interest. A marker may also be included. However, the methods are limited to 
providing an oligonucleotide sequence substantially homologous to a target site. 
Thus, the method requires knowledge of the site required for activation by 
site-directed modification and homologous recombination. Novel genes are not 
discoverable by such methods. 

WO 9 1 /06667 describes methods for expressing a mammalian gene in situ. 
With this method, an amplifiable gene is introduced next to a target gene by 
homologous recombination. When the cell is then grown in the appropriate 
medium, both the amplifiable gene and the target gene are amplified and there is 
enhanced expression of the target gene. As above, methods of introducing the 
amplifiable gene are limited to homologous recombination, and are not useful for 
activating novel genes whose sequence (or existence) is unknown. 

WO 91/01140 describes the inactivation of endogenous genes by 
modification of cells by homologous recombination. By these methods, 
homologous recombination is used to modify and inactivate genes and to produce 
cells which can serve as donors in gene therapy. 

WO 92/20808 describes methods for modifying genomic target sites 
in situ: The modifications are described as being small, for example, changing 
single bases in DNA. The method relies upon genomic modification using 
homologous DNA for targeting. 

WO 92/19255 describes a method for enhancing the expression of a target 
gene, achieved by homologous recombination in which a DNA sequence is 


integrated into the genome or large genomic fragment. This modifiedsequence 
can then be transferred to a secondary host for expression. An amplifiable gene 
can be integrated next to the target gene so that the target region can be amplified 
for enhanced expression. Homologous recombination is necessary to this targeted 
approach. 

WO 93/09222 describes methods of making proteins by activating an 
endogenous gene encoding a desired product. A regulatory region is targeted by 
homologous recombination and replacing or disabling the region normally 
associated with the gene whose expression is desired. This disabling or 
replacement causes the gene to be expressed at levels higher than normal. 

WO 94/12650 describes a method for activating expression of and 
amplifying an endogenous gene in situ in a cell, which gene is not expressed or is 
not expressed at desired levels in the cell. The cell is transfected with exogenous 
DNA sequences which repair, alter, delete, or replace a sequence present in the 
cell or which are rcgulatoiy sequences not normally functionally linked to the 
endogenous gene in the cell. In order to do this, DNA sequences homologous to 
genomic DNA sequences at a preselected site are used to target the endogenous 
gene. In addition, amplifiable DNA encoding a selectable marker can be included. 
By culturing the homologously recombinant cells under conditions that select for 
amplification, both the endogenous gene and the amplifiable marker are 
co-amplified and expression of the gene increased. 

WO 95/3 1560 describes DNA constructs for horiiologous recombination. 
The constructs include a targeting sequence, a regulatory sequence, an exon, and 
an unpaired splice donor site. The targeting is achieved by homologous 
recombination of the construct with genomic sequences in the cell and allows the 
production of a protein in vitro or in vivo. 

WO 96/294 1 1 describes methods using an exogenous regulatory sequence, 
an exogenous exon, either coding or non-coding, and a splice donor site 
introduced into a preselected site in the genome by homologous recombination. 
In this application, the introduced DNA is positioned so that the transcripts under 


control of the exogenous regulatory region include both the exogenous exon and 
endogenous exons present in either the thrombopoietin, DNase I, or P-interferon 
genes, resulting in transcripts in which the exogenous and exogenous exons are 
operably linked. The novel transcription units are produced by homologous 
recombination. 

U.S. Patent No. 5,272,071 describes the transcriptional activation of 
transcriptionally silent genes in a cell by inserting a DNA regulatory element 
capable of promoting the expression of a gene normally expressed in that cell. 
The regulatory element is inserted so that it is operably linked to the normally 
silent gene. The insertion is accomplished by means of homologous recombination 
by creating a DNA construct with a segment of the normally silent gene (the target 
DNA) and the DNA regulatory element used to induce the desired transcription. 

U.S. Patent No. 5, 578,461 discusses activating expression of mammalian 
target genes by homologous recombination. A DNA sequence is integrated into 
the genome or a large genomic fragment to enhance the expression of the target 
gene. The modified construct can then be transferred to a secondary host. An 
amplifiable gene can be integrated adjacent to the target gene so that the target 
region is amplified for enhanced expression. 

Both of the above approaches (construction of an over-expressing 
construct by cloning or by homologous recombination in vivo) require the gene 
to be cloned and sequenced before it can be over-expressed. Furthermore, using 
homologous recombination, the genomic sequence and structure must also be 
known. 

Unfortunately, many genes have not yet been identified and/or sequenced. 
Thus, a method for over-expressing a gene of interest, whether or not it has been 
previously cloned, and whether or not its sequence and structure are known, 
would be useful. 


BRIEF SUMMARY OF THE INVENTION 


The invention is, therefore, generally directed to methods for 
over-expressing an endogenous gene in a cell, comprising introducing a vector 
containing a transcriptional regulatory sequence into the cell, allowing the vector 
to integrate into the genome of the cell by non-homologous recombination, and 
allowing over-expression of the endogenous gene in the cell. The method does 
not require previous knowledge of the sequence of the endogenous gene or even 
of the existence of t he gene. Hence, the invention is directed to non-targeted gene 
activation, which as used herein means the activation of endogenous genes by non- 
targeted or non-homologous (as opposed to targeted or homologous) integration 
of specialized activation vectors into the genome of a host cell. 

The invention also encompasses novel vector constructs for activating 
gene expression or over-expressing a gene through non-homologous 
recombination. The novel construct lacks homologous targeting sequences. That 
is, it does not contain nucleotide sequences that target host cell DNA and promote 
homologous recombination at the target site, causing over-expressing of a cellular 
gene via the introduced transcriptional regulatory sequence. 

Novel vector constructs include a vector containing a transcriptional 
regulatory sequence operably linked to an unpaired splice donor sequence and 
further contains one or more amplifiable markers. 

Novel vector constructs include constructs with a transcriptional 
regulatory sequence operably linked to a translational start codon, a signal 
secretion sequence, and an unpaired splice donor site; constructs with a 
transcriptional regulatory sequence, operably linked to a translation start codon, 
an epitope tag, and an unpaired splice donor site; constructs containing a 
transcriptional regulatory sequence operably linked to a translational start codon, 
a signal sequence and an epitope tag, and an unpaired splice donor site; constructs 
containing a transcriptional regulatory sequence operably linked to a translation 


start codon, a signal secretion sequence, an epitope tag, and a sequence-specific 
protease site, and an unpaired splice donor site. 

The vector construct can contain one or more selectable markers for 
recombinant host cell selection. Alternatively, selection can be effected by 
phenotypic selection for a trait provided by the activated endogenous gene 
product. 

These vectors, and indeed any of the vectors disclosed herein, and variants 
of the vectors that will be readily recognized by one of ordinary skillin the art, can 
be used in any of the methods described herein to form any of the compositions 
producible by these methods. 

The transcriptional regulatory sequence used in the vector constructs of 
the invention includes, but is not limited to, a promoter. In preferred 
embodiments, the promoter is a viral promoter. In highly preferred embodiments, 
the viral promoter is the cytomegalovirus immediate early promoter. In alternative 
embodiments, the promoter is a cellular, non-viral promoter or inducible 
promoter. 

The transcriptional regulatory sequence used in the vector construct of the 
invention may also include, but is not limited to, an enhancer. In preferred 
embodiments, the enhancer is a viral enhancer. In highly preferred embodiments, 
the viral enhancer is the cytomegalovirus immediate early enhancer. In alternative 
embodiments, the enhancer is a cellular non-viral enhancer. 

In preferred embodiments of the methods described herein, the vector 
construct be, or may contain, linear RNA or DNA. 

The cell containing the vector may be screened for expression of the gene. 

The cell over-expressing the gene can be cultured in vitro under conditions 
favoring the production, by the cell, of desired amounts of the gene product (also 
referred to interchangeably herein as the "expression product") of the endogenous 
gene that has been activated or whose expression has been increased. The 
expression product can then be isolated and purified to use, for example, in protein 
therapy or drug discovciy. 


Alternatively, the cell expressing the desired gene product can be allowed 
to express the gene product in vivo. In certain such aspects of the invention, the 
cell containing a vector construct of the invention integrated into its genome may 
be introduced into a eukaryote (such as a vertebrate, particularly a mammal, more 
particularly a human) under conditions favoring the overexpression or activation 
of the gene by the cell in vivo in the eukaryote. In related such aspects of the 
invention, the cell may be isolated and cloned prior to being introduced into the 
eukaryote. 

The invention is also directed to methods for over-expressing an 
endogenous gene in a cell, comprising introducing a vector containing a 
transcriptional regulatory sequence and one or more amplifiable markers into the 
cell, allowing the vector to integrate into the genome of the cell by 
non-homologous recombination, and allowing over-expression of the endogenous 
gene in the cell. 

The cell containing the vector may be screened for over-expression of the 

gene. 

The cell over-expressing the gene is cultured such that amplification of the 
endogenous gene is obtained. The cell can then be cultured in vitro so as to 
produce desired amounts of the gene product of the amplified endogenous gene 
that has been activated or whose expression has been increased. The gene product 
can then be isolated and purified. 

Alternatively, following amplification, the cell can be allowed to express 
the endogenous gene and produce desired amounts of the gene product in vivo. 

It is to be understood, however, that any vector used in the methods 
described herein can include one or more amplifiable markers. Thereby, 
amplification of both the vector and the DNA of interest (i.e., containing the 
over-expressed gene) occurs in the cell, and further enhanced expression of the 
endogenous gene is obtained. Accordingly, methods can include a step in which 
the endogenous gene is amplified. 


The invention is also directed to methods for over-expressing an 
endogenous gene in a cell comprising introducing a vector containing a 
transcriptional regulatory sequence and anunpaired splice donor sequence into the 
cell, allowing the vector to integrate into the genome of the cell by 
non-homologous recombination, and allowing over-expression of the endogenous 
gene in the cell. 

The cell containing the vector may be screened for expression of the gene. 

The cell over-expressing the gene can be cultured in vitro so as to produce 
desirable amounts of the gene product of the endogenous gene whose expression 
has been activated or increased. The gene product can then be isolated and 
purified. 

Alternatively, the cell can be allowed to express the desired gene product 

in vivo. 

The vector construct can consist essentially of the transcriptional 
regulatory sequence. 

The vector construct can consist essentially of the transcriptional 
regulatory sequence and one or more amplifiable markers. 

The vector construct can consist essentially of the transcriptional 
regulatory sequence and the splice donor sequence. 

Any of the vector constructs of the invention can also include a secretion 
signal sequence. The secretion signal sequence is arranged in the construct so that 
it will be operably linked to the activated endogenous protein. Thereby, secretion 
of the protein of interest occurs in the cell, and purification of that protein is 
facilitated. Accordingly, methods can include a step in which the protein 
expression product is secreted from the cell. 

The invention also encompasses cells made by any of the above methods. 
The invention encompasses cells containing the vector constructs, cells in which 
the vector constructs have integrated into the cellular genome, and cells which are 
over-expressing desired gene products from an endogenous gene, over-expression 
being driven by the introduced transcriptional regulatory sequence. 
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The cells can be isolated and cloned. 

The methods can be carried out in any cell of eukaiyotic origin, such as 
fungal, plant or animal In preferred embodiments, the methods of the invention 
may be carried out in vertebrate cells, and particularly mammalian cells including 
but not limited to rat, mouse, bovine, porcine, sheep, goat and human cells, and 
more particularly in human cells. 

A single cell made by the methods described above can over-express a 
single gene or more than one gene. More than one gene in a cell can be activated 
by the integration of a single type of construct into multiple locations in the 
genome. Similarly, more than one gene in a cell can be activated by the 
integration of multiple constructs (i.e., more than one type of construct) into 
multiple locations in the genome. Therefore, a cell can contain only one type of 
vector construct or different types of constructs, each capable of activating an 
endogenous gene. 

The invention is also directed to methods for making the cells described 
above by one or more of the following: introducing one or more of the vector 
constructs of the invention into a cell; allowing the introduced construct(s) to 
integrate into the genome of the cell by non-homologous recombination; allowing 
over-expression of one or more endogenous genes in the cell; and isolating and 
cloning the cell. The invention is also directed to cells produced by such methods, 
which may be isolated cells. 

The invention also encompasses methods for using the cells described 
above to over-express a gene, such as an endogenous cellular gene, that has been 
characterized (for example, sequenced), uncharacterized (for example, a gene 
whose function is known but which has not been cloned or sequenced), or a gene 
whose existence was, prior to over-expression, unknown. The cells can be used 
to produce desired amounts of an expression product in vitro or in vivo. If 
desired, this expression product can then be isolated and purified, for example by 
cell lysis or by isolation from the growth medium (as when the vector contains a 
secretion signal sequence). 


The invention also encompasses libraries of cells made by the above 
described methods. A library can encompass all of the clones from a single 
transfection experiment or a subset of clones from a single transfection 
experiment. The subset can over-express the same gene or more than one gene, 
for example, a class of genes. The transfection can have been done with a single 
construct or with more than one construct. 

A library can also be formed by combining all of the recombinant cells 
from two or more transfection experiments, by combining one or more subsets of 
cells from a single transfection experiment or by combining subsets of cells from 
separate transfection experiments. The resulting library can express the same 
gene, or more than one gene, for example, a class of genes. Again, in each of 
these individual transfections, a unique construct or more than one construct can 
be used. 

Libraries can be formed from the same cell type or different cell types. 

The invention is also directed to methods for making libraries by selecting 
various subsets of cells from the same or different transfection experiments. 

The invention is also directed to methods of using the above-described 
cells or libraries of cells to over-express or activate endogenous genes, or to 
obtain the gene expression products of such over-expressed or activated genes. 
According to this aspect of the invention, the cell or library may be screened for 
the expression of the gene and cells that express the desired gene product may be 
selected. The cell can then be used to isolate or purify the gene product for 
subsequent use. Expression in the cell can occur by culturing the cell in vitro, 
under conditions favoring the production of the expression product of fhe 
endogenous gene by the cell, or by allowing the cell to express the gene in vivo. 

In preferred embodiments of the invention, the methods include a process 
wherein the expression product is isolated or purified. In highly preferred 
embodiments, the cells expressing the endogenous gene product are cultured 
under conditions favoring production of sufficient amounts of gene product for 
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commercial application, and especially for diagnostic, therapeutic and drug 
discovery uses. 

Any of the methods can further comprise introducing double-strand breaks 
into the genomic DNA in the cell prior to or simultaneously with vector 
integration. 

The invention also is directed to vector constructs that are useful for 
activating expression of endogenous genes and for isolating the mRNA and cDNA 
corresponding to the activated genes. 

In one such embodiment, the vector construct may comprise (a) a first • 
transcriptional regulatory sequence operably linked to a first unpaired splice donor 
sequence; (b) a second transcriptional regulatory sequence operably linked to a 
second unpaired splice donor sequence; and (c) a linearization site, which may be 
located between the first and second transcriptional regulatory sequences. 
According to the invention, when the vector construct is transformed into a host 
cell and then integrates into the genome of the host cell, the first transcriptional 
regulatory sequence is preferably in an inverted orientation relative to the 
orientation of the second transcriptional regulatory sequence. In certain preferred 
such embodiments, the vector may be rendered linear by cleavage at the 
linearization site. 

In another embodiment, the invention provides a linear vector construct 
having a 3 1 end and a 5' end, comprising a transcriptional regulatory sequence 
operably linked to an unpaired spliced donor site, wherein the transcriptional 
regulatory sequence is oriented in the linear vector construct in an orientation that 
directs transcription towards the 3' end or the 5' end of the linear vector construct. 

In another embodiment, the invention provides a vector construct 
comprising, in sequential order, (a) a transcriptional regulatory sequence, (b) an 
unpaired splice donor site, (c) a rare cutting restriction site, and (d) a linearization 
site. 

In another embodiment, the invention provides a vector construct 
comprising (a) a first transcriptional regulatory sequence operably linked to a 
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selectable marker lacking a polyadenylation signal; and (b) a second transcriptional 
regulatory sequence operably linked to an exon-splice donor site complex, wherein 
the first transcriptional regulatory sequence is in the same orientation in the vector 
construct as is the second transcriptional regulatory sequence, and wherein the 
first transcriptional regulatory sequence is upstream of the second transcriptional 
regulatory sequence in the vector construct. 

In additional embodiments, the invention provides vector constructs 
comprising a transcriptional regulatory sequence operably linked to a selectable 
marker lacking a polyadenylation signal, and further comprising an unpaired splice 
donor site. 

In another embodiment, the invention provides vector constructs 
comprising a first transcriptional regulatory sequence operably linked to a 
selectable marker lacking a polyadenylation signal, and further comprising a 
second transcriptional regulatory sequence operably linked to an unpaired splice 
donor site. 

According to the invention, the transcriptional regulatory sequence (or first 
or second transcriptional regulatory sequence, in vector constructs having more 
than one transcriptional regulatory sequence) may be a promoter, an enhancer, or 
a repressor, and is preferably a promoter, including an animal cell promoter, a 
plant cell promoter, or a fungal cell promoter, most preferably a promoter selected 
from the group consisting of a CMV immediate early gene promoter, an S V40 T 
antigen promoter, and a P-actin promoter. Other promoters of animal, plant, or 
fungal cell origin that may be used in accordance with the invention are known in 
the art and will be familiar to one of ordinary skill in view of the teachings herein. 

The selectable marker used in the vector constructs of the invention may 
be any marker or marker gene that, upon integration of a vector containing the 
selectable marker into the host cell genome, permits the selection of a cell 
containing or expressing the marker gene. Suitable such selectable markers 
include, but are not limited to, a neomycin gene, a hypoxanthine phosphribosyl 
transferase gene, a puromycin gene, a dihydrooratase gene, a glutamine synthetase 
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gene, a histidine D gene^ a carbamyl phosphate synthase gene, a dihydrofolate 
reductase gene, a multidrug resistance 1 gene, an aspartate transcarbamylasegene, 
a xanthine-guanine phosphoribosyl transferase gene, an adenosine deaminase gene, 
and a thymidine kinase gene. 

In related embodiments, the invention provides vector constructs 
comprising a positive selectable marker, a negative selectable marker, and an 
unpaired splice donor site,- wherein the positive and negative selectable markers 
and the splice donor site are oriented in the vector construct in an orientation that 
results in expression of the positive selectable marker in active form, and either 
non-expression of said negative selectable marker or expression of the negative 
selectable marker in inactive form, when the vector construct is integrated into the 
genome of a eukaryotic host cell and activates an endogenous gene in the genome. 
In certain preferred such embodiments, either the positive selection marker, the 
negative selection marker, or both, may lack a polyadenylation signal. The 
positive selection marker used in these aspects of the invention may be any 
selection marker that, upon expression, produces a protein capable of facilitating 
the isolation of cells expressing the marker, including but not limited to a 
neomycin gene, a hypoxanthinephosphribosyl transferase gene, a puromycin gene, 
a dihydrooratase gene, a glutamine synthetase gene, a histidine D gene, a carbamyl 
phosphate synthase gene, a dihydrofolate reductase gene, a multidrug resistance 1 
gene, an aspartate transcarbamylase gene, a xanthine-guanine phosphoribosyl 
transferase gene, or an adenosine deaminase gene. Analogously, the negative 
selection marker used in these aspects of the invention may be any selection 
marker that, upon expression, produces a protein capable of facilitating removal 
of cells expressing the marker, including but not limited to a hypoxanthine 
phosphribosyl transferase gene, a thymidine kinase gene, or a diphtheria toxin 
gene. 

The invention also is directed to eukaryotic host cells, which may be 
isolated host cells, comprising one or more of the vector constructs of the 
invention. Preferred such eukaryotic host cells include, but are not limited to, 
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aniraal cells (including, but not limited to, mammalian (particularly human) cells, 
insect cells, avian cells, annelid cells, amphibian cells, reptilian cells, and fish cells), 
plant cells, and fungal (particularly yeast) cells. In certain such host cells, the 
vector construct may be integrated into the genome of the host cell. 

The invention also is directed to primer molecules comprising a PCR- 
amplifiable sequence and a degenerate 3' terminus. Primer molecules according 
to this aspect of the invention preferably have the general structure: 

5HdT) r X-N b -TTTATT-3', 
wherein a is a whole number from 1 to 100 (preferably from 10 to 30), X is a 
PCR-amplifiable sequence consisting of a nucleic acid sequence of about 10-20 
nucleotides in length, N is any nucleotide, and b is a whole number from 0 to 6. 
One preferred such primer has the nucleotide sequence S'-TTTTTTTT- 
TTTTCGTCAGCGGCCGCATCNNNNTTTATT-3' (SEQ ID NO: 10). In related 
embodiments, the primer molecules according to this aspect of the invention may 
be biotinylated. 

The invention also is directed to methods for first strand cDNA synthesis 
comprising (a) annealing a first primer of the invention (such as the primer 
described above) to an RNA template molecule to form an first primer-RNA 
complex, and (b) treating this first primer-RNA complex with reverse transcriptase 
and one or more deoxynucleoside triphosphate molecules under conditions 
favoring the reverse transcription of the first primer-RNA complex to synthesize 

a first strand cDNA. 

The invention also is directed to methods for isolating activated genes, 
particularly from a host cell genome. These methods of the invention exploit the 
structure of the mRNA molecules produced using the non-targeted gene activation 
vectors of the invention. One such method of the invention comprises, for 
example, (a) introducing a vector construct comprising a transcriptional regulatory 
sequence and an unpaired splice donor site into a host cell (preferably one of the 
eukaryotic host ceils described above), (b) allowing the vector construct to 
integrate into the genome of the host cell by non-homologous recombination, 
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under conditions such that the vector activates an endogenous gene comprising 
an exon in the genome, (c) isolating RNA from the host cell, (d) synthesizing first 
strand cDNA according to the method of the invention described above, 

(e) annealing a second primer specific for the vector-encoded exon to the first 
strand cDNA to create a second primer-first strand cDNA complex, and 

(f) contacting the second primer-first strand cDNA complex with a DNA 
polymerase under conditions favoring the production of a second strand cDNA 
substantially complementary to the first strand cDNA. Methods according to this 
aspect of the invention may comprise one or more additional steps, such as 
treating the second strand cDNA with a restriction enzyme that cleaves at a 
restriction site located on the vector downstream of the unpaired splice donor site, 
or amplifying the second strand cDNA using a third primer specific for the vector- 
encoded exon and a fourth primer specific for the second primer. The invention 
also is directed to isolated genes produced according to these methods, and to 
vectors (which may be expression vectors) and host cells comprising these isolated 
genes. The invention also is directed to methods of producing, a polypeptide, 
comprising cultivaling a host cell tomprising the isolated gene (or a vector, 
particularly an expression vector, comprising the isolated gene), and culturing the 
host cell under conditions favoring the expression by the host cell of a polypeptide 
encoded by the isolated gene. The invention also provides additional methods of 
producing a polypeptide, comprising introducing into a host cell a vector 
comprising a transcriptional regulatory sequence operably linked to an exonic 
region followed by an unpaired splice donor site, and culturing the host cell under 
conditions favoring the expression by said host cell of a polypeptide encoded by 
the exonic region, wherein the exon contains a translational start site positioned 
at any of the open reading frame positions relative to the 5-most base of the 
unpaired splice donor Site (e.g., the "A" in the ATG start codon may be at position 
-3 or at an increment of 3 bases upstream therefrom (e.g., -6, -9,-12, -15, -18, 
etc.), at position -2 or at an increment of 3 bases upstream therefrom (e.g. , -5 } -8, 
-1 1,-14, -17, -20, etc.), or at position -1 or at an increment of 3 bases upstream 
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therefrom (e.g., -4, -7, -10,-13, -16, -19, etc.), relative to the 5-most base of the 
splice donor site). In related embodiments, the methods of the invention may 
further comprise isolating the polypeptide. The invention also is directed to 
polypeptides, which may or may not be isolated polypeptides, produced according 
to these methods. 

Other preferred embodiments of the present invention will be apparent to 
one of ordinary skill in light of the following drawings and description of the 
invention, and of the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1. Schematic diagram of gene activation events described herein. 
The activation construct is transfected into cells and allowed to integrate into the 
host cell chromosomes at DNA breaks. Ifbreakage occurs upstream of a gene of 
interest (e.g., Epo), and the appropriate activation construct integrates at the 
break such that its regulatory sequence becomes operably linked to the gene of 
interest, activation of the gene will occur. Transcription and splicing produce a 
chimeric RN A molecule containing exonic sequences from the activation construct 
and from the endogenous gene. Subsequent translation will result in the 
production of the protein of interest. Following isolation of the recombinant cell, 
gene expression can be further enhanced via gene amplification. 

FIG- 2. Schematic diagram of non-translated activation constructs. The 
arrows denote promoter sequences. The exonic sequences are shown as open 
boxes and the splice donor sequence is indicated by S/D. Construct numbers 
corresponding to the description below are shown on the left. The selectable and 
amplifiable markers are not shown. 

FIG* 3, Schematic diagram of translated activation constructs. The 
arrows denote promoter sequences. The exonic sequences are shown as open 
boxes and the splice donor sequence is indicated by S/D. The translated, signal 
peptide, epitope tag, and protease cleavage sequences are shown in the legend 
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below the constructs. Construct numbers corresponding to the description below 
are shown on the left. The selectable and amplifiable markers are not shown. 

FIG. 4, Schematic diagram of an activation construct capable of 
activating endogenous genes. 

FIG. 5A-5IX Nucleotide sequence of pRIG8Rl-CD2 (SEQ ID NO:7). 
FIG. 6A-6C Nucleotide sequence of pRIG8R2-CD2 (SEQ ID NO:8). 
FIG. 7A-7C. Nucleotide sequence of pRIG8R3-CD2 (SEQ ID NO:9). 
FIG. 8A-8R Examples of poly(A) trap vectors. Each vector is illustrated 
schematically in its linearized form. Each horizontal line represents a DNA 
molecule. The arrows denote promoter sequences located on the DNA molecule, 
and face in the direction of transcription. Transcribed regions include all 
sequences located downstream of a promoter. Untranslated regions are 
designated by hatched boxes and open reading frames are designated by open 
boxes. The following designations were used: splice donor site (S/D), signal 
15 secretion sequence (SP), epitope tag (ET), neomycin resistance gene (Neo). In 

the vectors depicted in Fig. 8B-8E, it is possible to omit the splice donor site 
immediately downstream of the Neo gene. In vectors lacking a splice donor site 
between the neo gene and the downstream promoter, the Neo transcript will 
utilize the splice donor site located 3 ' of the downstream promoter. In addition, 
20 as shown in the vectors depicted in Fig. 8B-8E, a downstream promoter may drive 

expression of an exon. It is recognized that this exon, when present, may encode 
codons in any reading frame. Using multiple vectors, codons in each of the 3 
possible reading frames can be created. 

FIG. 9A-9F. Examples of splice acceptor trap vectors containing a 
25 positive and a negative selectable marker driven from a single promoter. Each 

vector is illustrated schematically in its linearized form. Each horizontal line 
represents a DNA molecule. The arrows denote promoter sequences located on 
the DNA molecule, and face in the direction of transcription. Transcribed regions 
include all sequences located downstream of a promoter. Untranslated regions arc 
30 designated by hatched boxes. Poly(A) signals are not present in these examples. 
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As described in the specification, however, poly(A) signals may be placed on the 
vector 3* of either or both selectable markers. The following designations were 
used: splice donor site (S/D), signal secretion sequence (SP), epitope tag (ET), 
internal ribosome entry site (ires), hypoxanthine phosphoribosyl transferase 
(HPRT), and neomycin resistance gene (Neo). In these examples, Neo represents 
the positive selectable marker and HPRT represents the negative selectable 
marker. In the vectors shown in Fig. 9C and 9F, the region designated exon 
contains a translation start codon. As described in the Detailed Description, the 
exon may encode a methionine residue, a partial signal sequence, a full signal 
secretion sequence, a portion of a protein, or an epitope tag. In addition, the 
codons may be present in any reading frame relative to the splice donor site. In 
other vector examples not shown, the region designated exon lacks a translation 
start codon. 

FIG. 10A-10F. Examples of splice acceptor trap vectors containing a 
positive and negative selectable marker driven from different promoters. Each 
vector is illustrated schematically in its linearized form. Each horizontal line 
represents a DNA molecule. The arrows denote promoter sequences located on 
the DNA molecule, and face in the direction of transcription. Transcribed regions 
include all sequences located downstream of a promoter. Untranslated regions are 
designated by hatched boxes. Poly(A) signals are not present in these examples. 
As described in the specification, however, poly(A) signals may be placed on the 
vector 3* of either or both selectable markers. The following designations were 
used: splice donor site (S/D), internal ribosome entry site (ires), hypoxanthine 
phosphoribosyl transferase (HPRT), and neomycin resistance gene (Neo). In the 
vectors shown in Figs. 10A-10F, Neo represents the positive selectable marker 
and HPRT represents the negative selectable marker. As shown, the vectors 
depicted in Figs. 10A-10F do not contain a splice donor site 3' of the Neo gene; 
however, in other vectors not shown, a splice donor site may be located 3* of the 
Neo gene to facilitate splicing of the positive selection marker to an endogenous 
exon. In the vectors shown in Fig. IOC and 10F, the region designated exon 
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contains a translation start codon. As described in the Detailed Description, the 
exon may encode a methionine residue, a partial signal sequence, a foil signal 
secretion sequence, a portion of a. protein, or an epitope tag. In addition, the 
codons may be present in any reading frame relative to the splice donor site In 
other vector examples not shown, the region designated exon lacks a translation 
start codon. 

FIG. 11A-11C. Schematic diagram of bidirectional activation vectors 
Thearrowsdenotepromoter sequences. The exons are shown as checkered boxes 
and splice donor sites are indicated by S/D. The hatched boxes indicate exon 
sequences operably linked to the upstream promoter. It is understood that the 
exons on these vectors may be untranslated, or may contain a start codon and 
additional codons as described herein. As illustrated in the vectors depicted in 
Fig. 11B- 1 1C, the vectors may contain a selectable marker. In these vectors, the 
neomycin resistance (Neo) gene is illustrated. In Fig. I IB, a polyadenylation 
signal (pA) is located downstream of the selectable marker. In Fig. 11C, 
polyadenylation signals are omitted from the vector. 

FIG. 12A-12G. Examples of vectors useful for recovering exon I from 
activated endogenous genes. Each vector is illustrated schematically in its 
linearized form. Each horizontal line represents a DNA molecule. The arrows 
denote promoter sequences located on the DNA molecule, and face in the 
direction of transcription. Transcribed regions include all sequences located 
downstream of a promoter. Untranslated regions are designated by hatched 
boxes. Poly(A) signals are not present in the vectors depicted. As discussed in the 
Detailed Description, however, poly(A) signals may be placed on the vector 3' of 
either or both selectable markers. The following designations were used: splice 
donor site (S/D), internal ribosome entry site (ires), hypoxanthine phosphoribosyl 
transferase (HPRT), and neomycin resistance gene (Neo). In these examples, Neo 
represents the positive selectable marker and HPRT represents the negative 
selectable marker. It is also recognized that in these examples, the region 
designated exon, when present, lacks a translation start codon. In other examples 
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not shown, the region designated exon contains a translation start codon. 
Furthermore, when the vector exon contains a translation start codon, the exon 
may encode a methionine residue, a partial signal sequence, a full signal secretion 
sequence, a portion of a protein, or an epitope tag. In addition, the codons may 
be present in each reading frame relative to the splice donor site. 

FIG, 13. Illustration depicting two transcripts produced from the 
integrated vectors described in Figures 12A-12G. DNA strands are depicted as 
horizontal lines. Vector DNA is shown as a black line. Endogenous genomic 
DNA is shown as a grey line. Rectangles depict exons. Vector-encoded exons 
are shown as open rectangles, while endogenous exons are shown as shaded 
boxes. S/D denotes a splice donor site. Following integration, the vector encoded 
promoters activate transcription of the endogenous gene. Transcription resulting 
from the upstream promoter produces a spliced RNA molecule containing the 
vector encoded exon joined to the second and subsequent exons from an 
endogenous gene. Transcription from the downstream promoter, on the other 
hand, produces a transcript containing the sequences downstream of the integrated 
joined to exon I and the subsequent exons from an endogenous gene. 

FIG. 14A-14B. Nucleotide sequence of pRIGl (SEQ ID NO: 18). 
FIG. 15A-15B. Nucleotide sequence of pRIG21b (SEQ ID NO: 19). 
FIG, 16A-16B, Nucleotide sequence of pRIG22b (SEQ ID NO:20). 
FIG- 17A-17G. Examples of poly(A) trap vectors. Each vector is 
illustrated schematically in its linearized form. Each horizontal line represents a 
DNA molecule. The arrows denote promoter sequences located on the DNA 
molecule, and face in the direction of transcription. Transcribed regions include 
all sequences located downstream of a promoter. Boxes indicate exons. Hatched 
boxes indicate untranslated regions. The following designations were used: splice 
donor site (S/D), signal secretion sequence (SP), epitope tag (ET), neomycin 
resistance gene (Neo), vector promoter #1 (VP#1), and vector promoter #2 
(VP#2). As shown in the vectors depicted in Fig. 17C-17G, a promoter operably 
linked to an exonand an unpaired splice donor site can be positioned upstream of 
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the selectable marker. It is recognized that this exon, when present, may encode 
codons a start codon in any reading frame relative to the splice donor site. To 
activate protein expression from genes with different reading frames, three 
separate vectors can be used, each with a start codon in a different reading frame 
relative to the splice donor site. 

FIG. 18. Illustration of the transcripts produced by the vector from Fig. 
17C upon integration into a host cell genome upstream of a multi-exon 
endogenous gene. Each horizontal line represents a DNA molecule. Vertical lines 
running through the DNA strand mark the upstream and downstream 
vector/cellular genome boundaries. The arrows denote promoter sequences 
located on the DNA molecule, and face in the direction of transcription. 
Transcribed regions include all sequences located downstream of a promoter. 
Boxes indicate exons. Hatched boxes indicate untranslated regions. The 
endogenous exons are numbered using roman numerals. The following 
designations were used: splice donor site. (S/D), neomycin resistance gene (Neo), 
vector promoter #1 (VP#1), vector promoter #2 (VP#2), endogenous promoter 
(EP) and polyadenylation signal (pA). Following integration, vector promoter # 1 
expresses a chimeric transcript containing the Neo gene linked to the genomic 
sequences downstream of the integration site, including the processed (spliced) 
exons from the endogenous gene. Since transcript #1 contains a poly (A) signal 
from the endogenous gene, the Neo gene product will be efficiently produced, 
thereby conferring drug resistance on the cell. In addition to transcript #1, the 
integrated vector will generate a second transcript, designated transcript #2, 
originating from vector promoter#2. The structure of transcript #2 facilitates 
efficient translation of the protein encoded by the endogenous gene. As 
exemplified in Figure 17, vectors containing alternative coding information in the 
vector encoded exon can be used to produce different chimeric proteins, 
containing, for example, signal sequences and/or epitope tags. 

FIG. 19. Example of dual positive selectable marker vector. The vector 
is illustrated schematically in its linearized form. The horizontal line represents a 
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DNA molecule. The arrows denote promoter sequences located on the DNA 
molecule, and face in the direction of transcription. Transcribed regions include 
all sequences located downstream of a promoter. Boxes indicate exons. Hatched 
boxes indicate untranslated regions. Poly(A) signals are not present in these 
examples. The following designations were used: splice donor site (S/D) 
hygromycin resistance gene (Hyg), neomycin resistance gene (Neo), vector 
promoter #1, and vector promoter #2. 

FIG. 20A-20B. Examples of transcripts produced by a dual positive 
selectable marker vector integrated into a host cell genome adjacent to an 
endogenous gene. Figure 20A illustrates the transcripts produced upon vector 
integration near a multi-exon gene. Figure 20B illustrates the transcripts produced 
upon vector integration near a single exon gene. Each horizontal line represents 
a DNA molecule. Vertical lines running through the DNA strand mark the 
upstream and downstream vector/cellular genome boundaries. The arrows denote 
promoter sequences located on the DNA molecule, and face in the direction of 
transcription. Transcribed regions include all sequences located downstream of 
each promoter Boxes indicate exons. Hatched boxes indicate untranslated 
regions. The endogenous exons are numbered using roman numerals. The 
following designations were used: splice donor site (S/D), hygromycin resistance 
gene (Hyg), neomycin resistance gene (Neo), vector promoter #1 (VP#1), vector 
promoter #2 (VP#2), endogenous promoter (EP), and polyadenylation signal 
(pA). Following integration, vector promoter #1 expresses a chimeric transcript 
containing the Hyg gene linked to the genomic sequences downstream of the 
integration site, including the processed (spliced) exons from the endogenous 
gene. Since transcript #1 contains a poly (A) signal from the endogenous gene, 
the Hyg gene product will be efficiently produced, thereby conferring drug 
resistance on the cell. In addition to transcript #1, the integrated vector will 
generate a second transcript, designated transcript #2, originating from vector 
promoter#2. In figure 20A, the neo. gene is removed from transcript #2 upon 
splicing from the vector encoded splice donor site, and the first endogenous splice 
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acceptor located downstream of the vector integration site (i.e. exon II in this 
example). Since multi- exon genes contain splice acceptor sites at the 5' end of 
each exon (except exon I), the neo gene will be removed from transcript #2 in 
cells in which the vector has integrated near, and transcriptionally activated a 
multr-exon gene. As a result, cells having activated multi-exon genes may be 
ehmmated by selecting with G4 1 8 and hygromycin. In figure 20B, the neo gene 
rs not removed from transcript #2 by splicing, since single exon genes do not 
contarn any splice acceptor sequences. Thus, cells containing a vector integrated 
near angle exon genes will survive double selection with G4 1 8 and hygromycin 
These cells can be used to efficiently isolate the activated single exon genes using 
methods described herein. 

FIG. 21 A-2 1 1J. Examples of dual trap vectors containing a positive and 
a negative selectable marker. Each vector is illustrated schematically i„ its 
linearized form. Each horizontal line represents a DNA molecule. Thearrows 
denote promoter sequences located on the DNA molecule, and face in the 
direction of transcription. Transcribed regions include all sequences located 
downstream of a promoter. Boxes indicate exons. Hatched boxes indicate 
untranslated regions. The following designations were used: splice donor site 
(S/D), hypoxanthine phosphoribosyl transferase (HPRT), neomycin resistance 
gene (Neo), vector promoter #1 (VP #1), vector promoter #2 (VP#2), and vector 
promoter #3 (VP#3). In the vectors shown in Figs. 21 A-2 IB, Neo represents the 
positive selectable marker and HPRT represents the negative selectable marker. 
In re 21B a third promoter is located upstream of the selectable markers. This 
upstream promoter is operably linked to an exon and unpaired splice donor site. 
Fig, The region designated exon contains a translation start codon in this example. 
As described herein, the exon may encode a methionine residue, a partial signal 
sequence, a full signal secretion sequence, a portion of a protein, or an epitope 
tag. In addition, the codons may be present in any reading frame relative to the 
splice donor site. In other vector examples not shown, the region designated exon 
lacks a translation start codon. 
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FIG. 22. Examples of transcripts produced by a dual positive/negative 
selectable marker vector integrated into a host cell genome upstream of a multi- 
exon endogenous gene. Each horizontal line represents a DNA molecule. Vertical 
lines tunning through the DNA strand mark the upstream and downstream 
vector/cellular genome boundaries. The arrows denote promoter sequences 
located on the DNA molecule, and face in the direction of transcription. 
Transcribed regions include all sequences located downstream of each promoter. 
Boxes indicate exons. Hatched boxes indicate untranslated regions. The 
endogenous exons are numbered using roman numerals. The following 
designations were used : splice donor site (S/D), neomycin resistance gene (Neo), 
vector promoter ill (VP//1), vector promoter #2 (VP//2), vector promoter #3 
(VP#3), polyadenylation signal (pA), and endogenous promoter (EP). Following 
integration, vector promoter # 1 expresses a chimeric transcript containing the Neo 
gene linked to the genomic sequences downstream of the integration site, 
including the processed (spliced) exons from the endogenous gene. Since 
transcript #1 contains a poly (A) signal from the endogenous gene, the Neo gene 
product will be efficiently produced, thereby conferring drug resistance on the cell. 
In addition to transcript # 1 , the integrated vector will generate a second transcript, 
designated transcript #2, originating from vector promoter #2. In this example, 
the vector has integrated upstream of a multi-exon gene. Since multi exon genes 
contain splice acceptor sites at the 5' end of each exon, the HPRT gene will be 
removed from transcript #2 in cells in which the vector has integrated near, and 
transcriptionally activated, a multi-exon gene. As a result, cells containing 
activated multi-exon genes may be isolated by selecting with G418 and 8- 
Azaguanine 6-Thioguanine (AgThg). Thus, cells containing a vector integrated 
near single exon genes will survive double selection with G4 1 8 and AgThg. These 
cells can be used to efficiently isolate the activated multi-exon genes using 
methods described herein. In additionto transcripts #1 and #2, a third transcript, 
designated transcript #3 is produced from the integrated vector. Transcript #3, 
originating from vector promoter #3, contains an exonic sequence suitable for 
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directing protein expression from the endogenous gene. This occurs following 
splicing from the first splice donor site downstream of promoter #3 to the first 
downstream splice acceptor site from the endogenous gene. In addition to 
directing protein expression, transcript #3, and/or transcripts #1 and/or #2, can 
be isolated for gene discovery purposes using the methods described herein. 

FIG. 23A-23D. Example of a multi-Promoter/Activation Exon Vector. 
Each vector is illustrated schematically in its linearized form. Each horizontal line 
represents a DNA molecule. The arrows denote promoter sequences. Boxes 
indicate exons. Hatched boxes indicate untranslated regions. It is understood that 
the exons on these vectors may be untranslated, or may contain a start codon and 
additional codons as described herein The following designations were used: 
splice donor site (S/D), vector promoter #1 (VP #1), vector promoter #2 (VP#2), 
vector promoter #3 (VP #3), and vector promoter #4 (VP#4). Individual vector 
activation exons are designated A, B, C, and D. Each activation exon may contain 
a different structure. The structure of each activation exon and its flanking intron 
are shown below. It is understood, however, that any activation exon described 
herein, may be used on these vectors, in any combination and/or order, including 
exons that encode signal sequences, partial signal sequences, epitope tags, 
proteins, portions of proteins, and protein motifs. Any of the exons may lack a 
start codon. In addition, while not illustrated in these examples, these vectors may 
contain a selectable marker and/or an amplifiable marker. The selectable marker 
may contain a poly (A) signal or a splice donor site. When present, the splice 
donor site may be located upstream or downstream of the selectable marker. 
Alternatively, the selectable marker may not be operably linked to a poly (A) 
signal and/or a splice donor site. 

FIG. 24. Examples of transcripts produced from a multi- 
Promoter/Activation Exon Vector upon integration into a host cell genome 
upstream of an endogenous gene. Each horizontal line represents a DNA 
molecule. Vertical lines running through the DNA strand mark the upstream and 
downstream vector/cellular genome boundaries. The arrows denote promoter 
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sequencesIocatedoatheDNAmolecu.e.andfaceinthedirectionoftr^c^^ 
Transcribed regions include all sequences located downstream of each promoter 
Boxes indicate exons. Hatched boxes indicate untranslated regions.. The 
endogenous exons are numbered using roman numerals. The following 
designations were used: splice donor site (S/D), vector promoter #1 (VP #1) 
vector promoter #2 (VP#2), vector promoter #3 (VP #3), vector promoter M 
(VP#4), endogenous promoter (BP), and polyadenylation signal (pA). Individual 
vector activation exons are designated A, B, C, and D.. Following integration 
each vectorencoded promoter is capable ofproducing a different transcript. Each 
transcript contains a different activation exon joined to the first downstream splice 
acceptor site from an endogenous gene (exon II in this example). Individual 
activation exons are designated by (A), (B), (C), or (D). Endogenous exons are 
designated by (I), (II), (III), or (IV). Generally, the coding sequence and/or 
reading frames, if present, are different among the activation exons. While four 
activation exons are illustrated in this example, any number of activation exons 
may be present on the integrated vector. 

FIG. 25A-25D. Examples of activation vectors useful for detection of 
protein-protein interactions. Each vector is illustrated schematically in its 
linearized form. Each horizontal line represents a DNA molecule. The arrows 
denote promoter sequences. Boxes indicate exons. Hatched boxes indicate 
untranslated regions. The following designations were used, splice donor site 
(S/D), neomycin resistance gene (Neo). It is also recognized that the DNA 
binding domain and the Activation domain may be encoded in any reading frame 
(relative to the splice donor site), allowing activation of endogenous genes with 
different reading frames. 

FIG. 26. Schematic illustration depicting one approach to detecting 
protein-protein interactions using the vectors shown in Figure 25 . Each horizontal 
line represents a DNA molecule. Vertical lines running through the DNA strand 
mark the upstream and downstream vector/cellular genome boundaries. The 
arrows denote promoter sequences located on the DNA molecule, and face in the 
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direction of transcription. Transcribed regions include all sequences located 
downstream of each promoter. Boxes indicate exons. Hatched boxes indicate 
untranslated regions.. The endogenous exons are numbered using roman numerals. 
The following designations were used: splice donor site (S/D), binding domain 
(BD), activation domain (AD), recognition sequence (RS), and polyadenylation 
signal (pA). The binding domain vector is shown integrated into the genome of 
a host cell, upstream of an endogenous gene, designated gene A. The activation 
domain vector is shown integrated into the genome of the same host cell upstream 
of an endogenous gene> designated gene B. Both vectors are integrated into the 
genome of the same host cell. Following integration, each vector is capable of 
producing a fusion protein containing the binding domain (or activation domain, 
as the case may be) and the protein encoded by the downstream endogenous gene. 
If the binding domain fusion protein interacts with the activation domain fusion 
protein, a protein complex will be formed. This complex is capable of increasing 
expression of a reporter gene present in the cell. 

FIG. 27. Examples of activation vectors useful for in vitro and in vivo 
transposition. Each vector is illustrated schematically in its linearized form. Each 
horizontal line represents a DNA molecule. The arrows denote promoter 
sequences. Boxes indicate exons. Hatched boxes indicate untranslated regions. 
The solid boxes indicate the transposon signals. It is recognized that there is 
directionality to the transposon signals, and that the signals are oriented in the 
configuration suitable for the type of transposition reaction (integration, inversion, 
or deletion). The following designations were used: splice donor site (S/D), 
neomycin resistance gene (Neo), dihydrofolate reductase (DHFR), puromycin 
resistance gene (Puro), poly (A) signal (pA), and the Epstein Barr Virus origin of 
replication (ori P). It is also recognized that activation exon may be encode amino 
acids in any reading frame (relative to the splice donor site), allowing activation 
of endogenous genes with different reading frames. 

FIG. 28. Schematic illustration depicting integration of an activation 
vector into a cloned genomic DNA fragment by in vitro transposition. Each 
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horizontal line represents a DNA molecule. The cloned genomic- DNA is in a 
BAC vector. The single line represents the genomic DNA and the rectangle 
depicts the BAC vector sequences. The arrows denote promoter sequences 
located on the DNA molecule, and face in the direction of transcription. 
Transcribed regions include all sequences located downstream of each promoter. 
The vector activation exon is depicted as an open box. Exons from a gene 
encoded in the cloned genomic fragment are depicted as hatched boxes. The solid 
boxes indicate the transposon signals. It is recognized that there is directionality 
to the transposon signals, and that the signals are oriented in the configuration 
suitable for the type of transposition reaction (integration, inversion, or deletion). 
The following designations were used: splice donor site (S/D), and 
polyadenylation signal (pA). To integrate the vector into the genomic fragment, 
the activation vector is incubated with the cloned genomic DNA in the presence 
of transposase. Following integration of the activation vector into the genomic 
fragment, the plasmid may be transfected directly into an appropriate eukaryotic 
host cell to express the gene located downstream of the vector integration site. 
Alternatively, the BAC plasmid may be transformed into E. coli to produce larger 
quantities of plasmid for transfection into the appropriate eukaryotic host cell. 

FIG. 29A-29B. Nucleotide sequence of pRIG14. 

FIG. 30A-30C. Nucleotide sequence of pRIG19. 

FIG. 31A-31C. Nucleotide sequence of pRIG20. 

FIG. 32A-32C. Nucleotide sequence of pRIGadl . 

FIG.33A-33D. Nucleotide sequence of pRIGbdl. 

FIG. 34A-34B. Nucleotide sequence of pUniBAC. 

FIG. 35A-35B. Nucleotide sequence of pRIG22. 

FIG. 36. Schematic diagram of pRIG-TP. The vector is shown in its 
linearized form. The horizontal line represents a DNA molecule. The arrows 
denote promoters. Open boxes indicate exons. Filled boxes represent transposon 
recombination signals (from Tn5 - compatible with the in vitro transposition kit 
available from Epicentre Technologies). The following designations were used: 


-30- 

splice donor site (S/D), puromycin resistance gene (puro), dihydrofolate reductase 
gene (DHFR), Epstein Barr nuclear antigen - 1 replication protein (EBNA-1), 
Epstein Barr virus origin of replication (ori P), poly (A) signal (pA), and activation 
exon (AE). It is understood that the activation exon can contain any sequence 
capable of directing protein synthesis, including a translation start codon in any 
reading frame, a partial secretion signal sequence, an entire secretion signal 
sequence, an epitope tag, a protein, a portion of a protein, or a protein motif The 
activation exon may also lack a translation start codon. 

FIG. 37A-37C Nucleotide sequence of pRIG-T. 

DETAILED DESCRIPTION OF THE INVENTION 

i 

There are great advantages to gene activation by non-homologous 
recombination over other gene activation procedures. Unlike previous methods 
of protein over-expression, the methods described herein do not require that the 
gene of interest be cloned (isolated from the cell). Nor do they require any 
knowledge of the DNA sequence or . structure of the gene to be over-expressed 
(i.e., the sequence of the ORF, introns, exons, or upstream and downstream 
regulatory elements) or knowledge of a gene's expression patterns (i.e., tissue 
specificity, developmental regulation, etc.). Furthermore, the methods do not 
require any knowledge pertaining to the genomic organization of the gene of 
interest (i.e., the intron and exon structure). 

The methods of the present invention thus involve vector constructs that 
do not contain target nucleotide sequences for homologous recombination. A 
target sequence allows homologous recombination of vector DNA with cellular 
DNA at a predetermined site on the cellular DNA, the site having homology for 
sequences in the vector, the homologous recombination at the predetermined site 
resulting in the introduction of the transcriptional regulatory sequence into the 
genome and the subsequent endogenous gene activation. 
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The method of the present invention does not involve integration of the 
vector at predetermined sites. Instead, the present methods involve integration of 
the vector constructs of the invention into cellular DNA {e.g. , the cellular genome) 
by nonhomologous or "illegitimate" recombination, also called "non-targeted gene 
activation. " In related embodiments, the present invention also concerns non- 
targeted gene activation. Non-targeted gene activation has a number of important 
applications. First, by activating genes that are not normally expressed in a given 
cell type, it becomes possible to isolate a cDNA copy of genes independent of 
their normal expression pattern. This facilitates isolation of genes that are 
normally expressed in rare cells, during short developmental periods, and/or at 
very low levels. Second, by translationally activating genes, it is possible to 
produce protein expression libraries without the need for cloning the full-length 
cDNA. These libraries can be screened for new enzymes and proteins and/or for 
interesting phenotypes resulting from over-expression of an endogenous gene. 
Third, cell-lines over-expressing a specific protein can be created and used to 
produce commercial quantities of protein. Thus, activating endogenous genes 
provides a powerful approach to discovering and isolating new genes and proteins, 
and to producing large amounts of specific proteins for commercialization. 

The vectors described herein do not contain target sequences. A target 
sequence is a sequence on the vector that has homology with a sequence or 
sequences within the gene to be activated or upstream of the gene to be activated, 
the upstream region being up to and including the first functional splice acceptor 
site on the same coding strand of the gene of interest, and by means of which 
homology the transcriptional regulatory sequence that activates the gene of 
interest is integrated into the genome of the cell containing the gene to be 
activated. In the case of an enhancer integration vector for activating an 
endogenous gene, the vector does not contain homology to any sequence in the 
genome upstream or downstream of the gene of interest (or within the gene of 
interest) for a distance extending as far as enhancer function is operative. 
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The present methods, therefore, are capable of identifying new genes that 
have been or can be missed using conventional and currently available cloning 
. techniques. By using the constructs and methodology described herein, unknown 
and/or uncharacterized genes can be rapidly identified and over-expressed to 
produce proteins. The proteins have use as, among other things, human 
therapeutics and diagnostics and as targets for drug discovery. 

The methods are also capable of producing over-expression of known 
and/or characterized genes for /„ vitro or in vivo protein production. 

A "known" gene is directed to the level of characterization of a gene. The 
invention allows expression of genes that have been characterized, as well as 
expression of genes that have not been characterized. Different levels of 
characterization are possible. These include detailed characterization, such as 
cloning, DNA, RNA, and/or protein sequencing, and relating the regulation and 
function of the gee to (he cloned sequence (e.g., recognition of promoter and 
enhancer sequences, functions of the open reading frames, introns, and the like). 
Characterization can be less detailed, such as having mapped a gene and related 
function, or having a partial amino acid or nucleotide sequence, or having purified 
a protein and ascertained a function. Characterization may be minimal, as when 
a nucleotide or amino acid sequence is known or a protein has been isolated but 
the function is unknown. Alternatively, a function may be known but the 
associated protein or nucleotide sequence is not known or is known but has not 
been correlated to the function. Finally, there may be no characterization in that 
both the existence of the gene and its function are not known. The invention 
allows expression of any gene at any of these or other specific degrees of 
characterization. 

Many different proteins (also referred to herein interchangeably as "gene 
products" or "expression products") can be activated or over-expressed by asingle 
activation construct and in a single set of transfections. Thus, a single cell or 
different cells in a set of transfectants (library) can over-express more than one 
protein following transfection with the same or different constructs. Previous 
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activation methods require a unique construct to be created for each gene to be 
activated. 

Further, many different integration sites adjacent to a single gene can be 
created and tested simultaneously using a single construct. This allows rapid 
determination of the optimal genomic location of the activation construct for 

protein expression. 

Using previous methods, the 5' end of the gene of interest had to be 
extensively characterized with respect to sequence and structure. For each 
activation construct to be produced, an appropriate targeting sequence had to be 
isolated. Usually, this must be an isogenic sequence isolated from the same person 
or laboratory strain of animal as the cells to be activated. In some cases, this DNA 
may be 50 kb or more from the gene of interest. Thus, production of each 
targeting construct required an arduous amount of cloning and sequencing of the 
endogenous gene. However, since sequence and structure information is not 
required for the methods of the present invention, unknown genes and genes with 
uncharacterized upstream regions can be activated. 

This is made possible using in situ gene activation using non- homologous 
recombination of exogenous DNA sequences with cellular DNA. Methods and 
compositions (e.g., vector constructs) required to accomplish such in situ gene 
activation using non- homologous recombination are provided by the present 
invention. 

DNA molecules can recombine to redistribute their genetic content by 
several different and distinct mechanisms, including homologous recombination, 
site-specific recombination, and non-homologous/illegitimate recombination. 
Homologous recombination involves recombination between stretches of DNA 
that are highly similar in sequence. It has been demonstrated that homologous 
recombination involves pairing between the homologous sequences along their 
length prior to redistribution of the genetic material. The exact site of crossover 
can be at any point in the homologous segments. The efficiency of recombination 
is proportional to the length of homologous targeting sequence (Hope, 
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Development 7/3:399 (1991); Reddye/a/., J. Virol 65:1507(1991)), the degree 
of sequence identity between the two recombining sequences (von Melchner et al , 
GenesDev. 6:919 (1992)), and the ratio of homologous to non-homologous DNA 
present on the construct (Letson, Genetics 117:159 (1987)). 

Site-specific recombination, on the other hand, involves the exchange of 
genetic material at a predetermined site, designated by specific DNA sequences. 
In this reaction, a protein recombinase binds to the recombination signal 
sequences, creates a strand scission, and facilitates DNA strand exchange. 
Cre/Lox recombination is an example of site specific recombination. 

Non-homologous/illegitimate recombination, such as that used 
advantageously by the methods of the present invention, involves the joining 
(exchange or redistribution) of genetic material that does not share significant 
sequence homology and does not occur at site-specific recombination sequences. 
Examples of non-homologous recombination include integration of exogenous 
DNA into chromosomes at non-homologous sites, chromosomal translocations 
and deletions, DNA end-joining, double strand break repair of chromosome ends, 
bridge-breakage fusion, and concatemcrization of iransfectcd sequences. In most 
cases, non-homologous recombination is thought to occur through the joining of 
"free DNA ends." Free ends are DNA molecules that contain an end capable of 
being joined to a second DNA end either directly, or following repair or 
processing. The DNA end may consist of a 5' overhang, 3' overhang, or blunt 
end. 

As used herein, retroviral insertion and other transposition reactions are 
loosely considered forms of non-homologous recombination. These reactions do 
not involve the use of homology between the recombining molecules. 
Furthermore, unlike site-specific recombination, these types of recombination 
reactions do not occur between discrete sites. Instead, a specific protein/DNA 
complex is required on only one of the recombination partners (i.e., the retrovirus 
or transposon), with the second DNA partner (i.e., the cellular genome) usually 
being relatively non-specific. As a result, these "vectors" do not integrate into the 
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cellular genome in a targeted fashion, and therefore they can be used to deliver the 
activation construct according to the present invention. 

Vector constructs useful for the methods described herein ideally may 
contain a transcriptional regulatory sequence that undergoes non-homologous 
recombination with genomic sequences in a cell to over-express an endogenous 
gene in that cell. The vector constructs of the invention also lack homologous 
targeting sequences. That is, they do not contain DNA sequences that target host 
cell DNA and promote homologous recombination at the target site. Thus, 
integration of the vector constructs of the present invention into the cellular 
genome occurs by non-homologous recombination, and can lead to 
over-expression of a cellular gene via the introduced transcriptional regulatory 
sequence contained on the integrated vector construct. 

The invention is generally directed to methods for over-expressing an 
endogenous gene in a cell, comprising introducing a vector containing a 
transcriptional regulatory sequence into the cell, allowing the vector to integrate 
into the genome of the cell by non-homologous recombination, and allowing 
over-expression of the endogenous gene in the cell. The method does not require 
previous knowledge of the sequence of the endogenous gene or even of the 
existence of the gene. Where the sequence of the gene to be activated is known, 
however, the constructs can be engineered to contain the proper configuration of 
vector elements (e.g., location of the start codon, addition of codons present in the 
first exon of the endogenous gene, and the proper reading frame) to achieve 
maximal overexpression and/or the appropriate protein sequence. 

In certain embodiments of the invention, the cell containing the vector may 
be screened for expression of the gene. 

The cell over-expressing the gene can be cultured in vitro uhder conditions 
favoring the production, by the cell, of desired amounts of the gene product of the 
endogenous gene that has been activated or whose expression has been increased. 
If desired, the gene product can then be isolated or purified to use, for example, 
in protein therapy or drug discovery. 
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Alternatively, the cell expressing the desired gene product can be allowed 
to express the gene product in vivo. 

The vector construct can consist essentially of the transcriptional 

regulatory sequence. 

Alternatively, the vector construct can consist essentially of the 
transcriptional regulatory sequence and one or more amplifiable markers. 

The invention, therefore, is also directed to methods for over-expressing 
an endogenous gene in a cell, comprising introducing a vector containing a 
transcriptional regulatory sequence and an amplifiable marker into the cell, 
allowing the vector to integrate into the genome of the cell by non-homologous 
recombination, and allowing over-expression of the endogenous gene in the cell. 
The cell containing the vector is screened for over-expression of the gene. 
The cell over-expressing the gene is cultured such that amplification of the 
endogenous gene is obtained. The cell can then be cultured in vitro so as to 
produce desired amounts of the gene product of the amplified endogenous gene 
that has been activated or whose expression has been increased. The gene product 
can then be isolated and purified. 

Alternatively, following amplification, the cell can be allowed to express 
the endogenous gene and produce desired amounts of the gene product in vivo. 

The vector construct can consist essentially of the transcriptional 
regulatory sequence and the splice donor sequence. 

The invention, therefore, is also directed to methods for over-expressing 
an endogenous gene in a cell comprising introducing a vector containing a 
transcriptionalregulatory sequence and an unpaired splice donor sequence into the 
cell, allowing the vector to integrate into the genome of the cell by 
non-homologousrecombinatioi^andallowingover-expressionoftheendogenous 

gene in the cell. 

The cell containing the vector is screened for expression of the gene. 
The cell over-expressing the gene can be cultured in vitro so as to produce 
desirable amounts of the gene product of the endogenous gene whose expression 
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has been activated or increased. The gene product can then be isolated and 
purified. 

Alternatively, the cell can be allowed to express the desired gene product 

in vivo. 

The vector construct can consist essentially of a transcriptional regulatory 
sequence operably linked to an unpaired splice donor sequence and also containing 
an amplifiable marker. 

Other activation vectors include constructs with a transcriptional 
regulatory sequence and an exonic sequence containing a start codon; a 
transcriptional regulatory sequence and an exonic sequence containing a 
translational start codon and a secretion signal sequence; constructs with a 
transcriptional regulatory sequence and an exonic sequence containing a 
translation start codon, and an epitope tag; constructs containing a transcriptional 
regulatory sequence and an exonic sequence containing a translational start codon, 
a signal sequence and an epitope tag; constructs containing a transcriptional 
regulatory sequence and an exonic sequence witli a translation start codon, a 
signal secretion sequence, an epitope tag, and a sequence-specific protease site. 
In each of the above constructs, the exon on the construct is located immediately 
upstream of an unpaired splice donor site. 

The constructs can also contain a regulatory sequence, a selectable marker 
lacking a poly(A) signal, an internal ribosome entry site (ires), and an unpaired 
splice donor site (FIG. 4). A start codon, signal secretion sequence, epitope tag, 
and/or a protease cleavage site may optionally be included between the ires and 
the unpaired splice donor sequence. When this construct integrates upstream of 
a gene, the selectable marker will be efficiently expressed since a poly(A) site will 
be supplied by the endogenous gene. In addition the downstream gene will also 
be expressed since the ires will allow protein translation to initiate at the 
downstream open reading frame (i.e. the endogenous gene). Thus, the message 
produced by this activation construct will be polycistronic. The advantage of this 
construct is that integration events that do not occur near genes and in the proper 
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orientation will not produce a drug resistant colony. The reason for this is that 
without a poly(A) tail (supplied by the endogenous gene), the neomycin resistance 
gene will not express efficiently. By reducing the number of nonproductive 
integration events, the complexity of the library can be reduced without affecting 
its coverage (the number of genes activated), and this will facilitate the screening 
process. 

In another embodiment of this construct, cre-lox recombination sequences 
can be included between the regulatory sequence and the neo start codon and 
between the ires and the unpaired splice donor site (between the ires and the start 
codon, if present). Following isolation of cells that have activated the gene of 
interest, the neo gene and ires can be; removed by transfecting the cells with a 
plasmid encoding the ere recombinase. This would eliminate the production of the 
polycistronic message and allow the endogenous gene to be expressed directly 
from the regulatory sequence on the integrated activation construct. Use of Cre 
recombination to facilitate deletion of genetic elements from mammalian 
chromosomes has been described (Gu et aL, Science 265: 103 (1994); Sauer, 
Meth. Enzymology 225:890-900 (1993)). 

Thus, constructs useful in the methods described herein include, but are 
not limited to, the following (See also Figures 1-4): 

1) Construct with a regulatory sequence and an exon lacking a translation 
start codon. 

2) Construct with a regulatory sequence and an exon lacking a translation 
start codon followed by a splice donor site. 

3) Construct with a regulatory sequence and an exon containing a translation 
start codon in reading frame 1 (relative to the splice dQnor site), followed 
by an unpaired splice donor site. 

4) Construct with a regulatory sequence and an exon containing a translation 
start codon in reading frame 2 (relative to the splice donor site), followed 
by an unpaired splice donor site. 
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Construct with a regulatory sequence and an exon containing a translation 
start codon in reading frame 3 (relative to the splice donor site), followed 
by an unpaired splice donor site, . 

Construct with a regulatory sequence and an exon containing a translation 
start codon and a signal secretion sequence in reading frame 1 (relative to 
the splice donor site), followed by an unpaired splice donor site. 
Construct with a regulatory sequence and an exon containing a translation 
start codon and a signal secretion sequence in reading frame 2 (relative to 
the splice donor site), followed by an unpaired splice donor site. 
Construct with a regulatory sequence and an exon containing a translation 
start codon and a signal secretion sequence in reading frame 3 (relative to 
the splice donor site), followed by an unpaired splice donor sit£. 
Construct with a regulatory sequence and an exon containing (from 5* to 
3 ') a translal ion start codon and an epitope tag in reading frame 1 (relative 
to the splice donor site), followed by an unpaired splice donor site. 
Construct with a regulatory sequence and an exon containing (from 5' to 
3') a translation start codon and an epitope tag in reading frame 2 (relative 
to the splice donor site), followed by an unpaired splice donor site. 
Construct with a regulatory sequence and an exon containing (from 5' to 
3 ') a translation start codon and an epitope tag in reading frame 3 (relative 
to the splice donor site), followed by an unpaired splice donor site. 
Construct with a regulatory sequence and an exon containing (from 5' to 
3') a translation start codon, a signal secretion sequence, and an epitope 
tag in reading frame 1 (relative to the splice donor site), followed by an 
unpaired splice donor site. 

Construct with a regulatory sequence and an exon containing (from 5' to 
3') a translation start codon, a signal secretion sequence, and an epitope 
tag in reading frame 2 (relative to the splice donor site), followed by an 
unpaired splice donor site. 


-40- 


14) Construct with a regulatory sequence and an exon containing (from 5' to 
3') a translation start codon, a signal secretion sequence, and an epitope 
tag in reading frame 3 (relative to the splice donor site), followed by an 
unpaired splice donor site. 

1 5) Construct with a regulatory sequence and an exon containing (from 5 ' to 
3 ') a translation start codoii, a signal secretion sequence, an epitope tag, 
and a sequence specific protease site in reading frame 1 (relative to the 
splice donor site), followed by an unpaired splice donor site. 

1 6) Construct with a regulatory sequence and an exon containing (from 5 * to 
3') a translation start codon, a signal secretion sequence, an epitope tag, 
and a sequence specific protease site in reading frame 2 (relative to the 
splice donor site), followed by an unpaired splice donor site. 

17) Construct with a regulatory sequence and an exon containing (from 5' to 
3') a translation start codon, a signal secretion sequence, an epitope tag, 
and a sequence specific protease site in reading frame 3 (relative to the 
splice donor siteX followed by an unpaired splice donor site. 

18) Construct with a regulatory sequence linked to a selectable marker, 
followed by an internal ribosome entry site, and an unpaired splice donor 
site. 

19) Construct 18 in which a cre/lox recombination signal is located between 
a) the regulatory sequence and the open reading frame of the selectable 
marker and b) between the ires and the unpaired splice donor site. 

20) .,. Construct with a regulatory sequence operably linked to an exon 

containing green fluorescent protein lacking a stop codon, followed by an 
unpaired splice donor site. 

It is to be understood, however, that any vector used in the methods 
described herein can include one or more (/.e., one, two, three, four, five, or more, 
and most preferably one or two) amplifiable markers. Accordingly, methods can 
include a step in which the endogenous gene is amplified. Placement of one or 
more amplifiable markers on the activation construct results in the juxtaposition 
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of the gene of interest and the one or more amplifiable markers in the activated 
cell. Once the activated cell has been isolated, expression can be further increased 
by selecting for cells containing an increased copy number of the locus containing 
both the gene of interest and the activation construct. This can be accomplished 
by selection methods known in the art,, for example by culturing cells in selective 
culture media containing one or more selection agents that are specific for the one 
or more amplifiable markers contained on the genetic construct or vector. 

Following activation of an endogenous gene by nonhomologous 
integration of any of the vectors described above, the expression of the 
endogenous gene may be further increased by selecting for increased copies of the 
amplifiable marker(s) located on the integrated vector. While such an approach 
may be accomplished using one amplifiable marker on the integrated vector, in an 
alternative embodiment the invention provides such methods wherein two or more 
(i.e., two, three, four, five, or more, and most preferably two) amplifiable 1 markers 
may be included on the vector to facilitate more efficient selection of cells that 
have amplified the vector and flanking gene of interest. This approach is 
particularly useful in cells that have a functional endogenous copy of one or more 
of the amplifiable marker(s) that are contained on the vector, since the selection 
procedure can result in isolation of cells that have incorrectly amplified the 
endogenous amplifiable marker(s) rather than the vector-encoded amplifiable 
marker(s). This approach is also useful to select against cells that develop 
resistance to the selective agent by mechanisms that do not involve gene 
amplification. The approach using two or more amplifiable markers is 
advantageous in these situations because the probability of a cell developing 
resistance to two or more selective agents (resistance to which is encoded by two 
ormoreamplifiablemarkers)withoutamplifyingtheintegratedvectorandfla 

gene of interest is significantly lower than the probability of the cell developing 
resistance to any single selective agent. Thus, by selecting for two or more vector 
encoded amplifiable markers, either simultaneously or sequentially, a greater 
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percentageofcellsthatareultimately isolated will contain the amplified vector and 
gene of interest. 

Thus, in another embodiment, the vectors ofthe invention may contain two 
or more(/.e.,two, three, four, five, ormore, and most preferably two) amplifiable 
markers. This approach allows more efficient amplification of the vector 
sequences and adjacent gene of interest following activation of expression. 

Examplesofamplifiablemarkers that may be used constructing the present 
vectors include, but are not limited to, dihydrofolate reductase, adenosine 
deaminase, aspartate transcarbamylase, dihydro-orotase, and carbamyl phosphate 
synthase. 

It is also understood that any ofthe constructs described herein may 
contain a eukaryotic viral origin of replication, either in place of, or in conjunction 
with an amplifiable marker. The presence ofthe viral origin of replication allows 
the integrated vector and adjacent endogenous gene to be isolated as an episome 
and/or amplified to high copy number upon introduction ofthe appropriate viral 
replication protein. Examples of useful viral origins include, but are not limited 
to, SV40 ori and EBV ori P. 

The invention also encompasses embodiments in which the constructs 
disclosed herein consist essentially ofthe components specifically described for 
these constructs. It is also understood that the above constructs are examples of 
constructs useful in the methods described herein, but that the invention 
encompasses functional equivalents of such constructs. 

The term "vector" is understood to generally refer to the vehicle by which 
the nucleotide sequence is introduced into the cell. It is not intended to be limited 
to any specific sequence. The vector could itself be the nucleotide sequence that 
activates the endogenous gene or could contain the sequence that activates the 
endogenous gene. Thus, the vector could be simply a linear or circular 
polynucleotide containing essentially only those sequences necessary for 
activation, or could be these sequences in a larger polynucleotide or other 
construct such as a DNA or RNA viral genome, a whole virion, or other biological 
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construct used to introduce the critical nucleotide sequences into a cell. It is also 
understood that the phrase "vector construct" or the term "construct" may be used 
interchangeably with the term "vector" herein. 

The vector can contain DNA sequences that exist in nature or that have 
been created by genetic engineering or synthetic processes. 

The construct, upon nonhomologous integration into the genome of a cell, 
can activate expression of an endogenous gene. Expression of the endogenous 
gene may result in production of full length protein, or in production of a 
truncated biologically active form of the endogenous protein, depending on the 
integration site (e.g., upstream region versus intron 2), The activated gene may 
be a known gene (e.g., previously cloned or characterized) or unknown gene 
(previously not cloned or characterized). The function of the gene may be known 
or unknown. 

Examples of proteins with known activities include, but are not limited to, 
cytokines, growth factors, neurotransmitters, enzymes, structural proteins, cell 
surface receptors, intracellular receptors, hormones, antibodies, and transcription 
factors. Specific examples of known proteins that can be produced by this method 
include, but are not limited to, erythropoietin, insulin, growth hormone, 
glucocerebrosidase, tissue plasminogen activator, granulocyte-colony stimulating 
factor (G-CSF), granulocyte/macrophage colony stimulating factor (GM-CSF), 
macrophage colony-stimulating factor (M-CSF) interferon a, interferon P, 
interferon y, interleukin-2, interleukin-3, interleukin-4, interleukin-6, interleukin-8, 
interleukin-10, interleukin-l 1, interleukin-12, interleukin-13, interleukin-14, 
TGF-P, blood clotting factor V, blood clotting factor VII, blood clotting factor 
VIII, blood clotting factor IX, blood clotting factor X, TSH-P, bone growth 
factor-2, bone growth factor-7, tumor necrosis factor, alpha- 1 antitrypsin, 
anti-thrombin III, leukemia inhibitory factor, glucagon, Protein C, protein 
kinase C, stem cell factor, follicle stimulating hormone P, urokinase, nerve growth 
factors, insulin-like growth factors, insulinotropin, parathyroid hormone, 
lactoferrin, complement inhibitors, platelet derived growth factor, keratinocyle 
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growth factor, hepatocyte growth factor, endothelial cell growth factor, 
neurotropin-3, thrombopoietin, chorionic gonadotropin, thrombomodulin, alpha 
glucosidase, epidermal growth factor, and fibroblast growth factor. The invention 
also allows the activation of a variety of genes expressing transmembrane proteins, 
and production and isolation of such proteins, including but not limited to cell 
surface receptors for growth factors, hormones, neurotransmitters and cytokines 
such as those described above, transmembrane ion channels, cholesterol receptors, 
receptors for lipoproteins (including LDLs and HDLs) and other lipid moieties, 
integrins and other extracellular matrix receptors, cytoskeletal anchoring proteins, 
immunoglobulin receptors, CD antigens (including CD2, CD3, CD4, CD8, and 
CD34 antigens), and other cell surface transmembrane structural and functional 
proteins that are known in the art. As one of ordinary skill will appreciate, other 
cellular proteins and receptors that are known in the art may also be produced by 
the methods of Ihc invention. 

One of the advantages of the method described herein is that virtually any 
gene can be activated. However, since genes have different genomic structures, 
including different intron/exon boundaries and locations of start codons, a variety 
of activation constructs is provided to activate the maximum number of different 
genes within a population of cells. 

These constructs can be transfected separately into cells to produce 
libraries. Each library contains cells with a unique set of activated genes. Some 
genes will be activated by several different activation constructs. In addition, 
portions of a gene can be activated to produce truncated, biologically active 
proteins. Truncated proteins can be produced, for example, by integration of an 
activation construct into introns or exons in the middle of an endogenous gene 
rather than upstream of the second exon. 

Use of different constructs also allows the activated gene to be modified 
to contain new sequences. For example, a secretion signal sequence can be 
included on the activation construct to facilitate the secretion of the activated 
gene. In some cases, depending on the intron/exon structure or the gene of 
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interest, the secretion signal sequence can replace all or part of the signal sequence 
of the endogenous gene. In other cases, the signal sequence will allow a protein 
which is normally located intracellular^ to be secreted. 

The regulatory sequence on the vector can be a constitutive promoter. 
Alternatively, the promoter may be inducible. Use of inducible promoters will 
allow low basal levels of activated protein to be produced by the cell during 
routine culturing and expansion. The pells may then be induced to produce large 
amounts of the desired proteins, for example, during manufacturing or screening. 
Examples of inducible promoters include, but are not limited to, the tetracycline 
inducible promoter and the metallothionein promoter. 

In preferred embodiments of the invention, the regulatory sequence on the 
vectors of the invention may be a promoter, an enhancer, or a repressor, any of 
which may be tissue specific. 

The regulatory sequence on the vector can be isolated from cellular or viral 
genomes. Examples of cellular regulatory sequences include, but are not limited 
to, regulatory elements .from the actin gene, metallothionein I gene, 
immunoglobulin genes, casein I gene, serum albumin gene, collagen gene, globin 
genes, laminingene, spectrin gene, ankyringene, sodium/potassium ATPase gene, 
and tubulin gene. Examples of viral regulatory sequences include, but are not 
limited to, Vegulatory elements from Cytomegalovirus (CMV) immediate early 
gene, adenovirus late genes, SV40 genes, retroviral LTRs, and Herpesvirus genes. 
Typically, regulatory sequences contain binding sites for transcription factors such 
as NF-kB, SP-1, TATA binding protein, AP-1, and CAAT binding protein. 
Functionally, the regulatory sequence is defined by its ability to promote, enhance, 
or otherwise alter transcription of an endogenous gene. 

In certain preferred embodiments, the regulatory sequence is a viral 
promoter. In particularly preferred embodiments, the promoter is the CMV 
immediate early gene promoter. In alternative embodiments, the regulatory 
element is a cellular, non-viral promoter. 
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In alternative preferred embodiments, the regulatory element may be or 
may contain an enhancer. In particularly preferred such embodiments, the 
enhancer is the cytomegalovirus immediate early gene enhancer. In alternative 
embodiments, the enhancer is a cellular, non-viral enhancer. 

In alternative preferred embodiments, the regulatory element may be or 
may contain a repressor. In particularly preferred such embodiments the 
repressor may be a viral repressor or a cellular, non-viral repressor. 

The transcriptional regulatory sequence can also comprise one or more 
scaffold-attachment regions or matrix attachment sites, negative regulatory 
elements, and transcription factor binding sites. Regulatory sequences can also 
include locus control regions. 

The invention also encompasses the use of retrovirus transcriptional 
regulatory sequences, e.g., long terminal repeats. Where these are used, however 
they are not necessarily linked to any retrovirus sequence that materially affects 
the function of the ( ranscriptional regulatory sequence as a promoter or enhancer 
of transcription of the endogenous gene to be activated (,.e., the cellular gene with 
which the transcriptional regulatory sequence recombines to activate). 

The vector constructs of the invention may also comprise a regulatory 
sequence which is not operably linked to exonic sequences on the vector. For 
example, when the regulatory element is an enhancer, it can integrate near an 
endogenous gene (e.g., upstream, downstream, or in an intron) and stimulate 
expression of the gene from its endogenous promoter. By this mechanism of 
activation, exonic sequences from the vector are absent in the transcript of the 
activated gene. 

Alternatively, the regulatory element may be operably linked to an exon. 
The exon may be a naturally occurring sequence or may be non-naturally 
occurring (e.g., produced synthetically). To activate endogenous genes lacking 
a start codon in their first exon (e.g., follicle stimulating hormone-P), a start codon 
is preferably omitted from the exon on the vector. To activate endogenous genes 
containing a start codon in the first exon (e.g., erythropoietin and growth 
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endogenous gene. This transcript is capable of producing the endogenous protein 
when translated. 

An exon or "exonic sequence" is defined as any transcribed sequence that 
is present in the mature RNA molecule. The exon on the vector may contain 
untranslated sequences, for example, a 5* untranslated region. Alternatively, or 
in conjunction with the untranslated sequences, the exon may contain coding 
sequences such as a start codon and open reading frame. The open reading frame 
can encode naturally occurring amino acid sequences or non-naturally occurring 
amino acid sequences (e.g., synthetic codons). The open reading frame may also 
encode a signal secretion sequence, epitope tag, exon, selectable marker, 
screenable marker, or nucleotides that function to allow the open reading frame 
to be preserved when spliced to an endogenous gene. 

Splicing of primary transcripts, the process by which introns are removed, 
is directed by a splice donor site and a splice acceptor site, located at the 5' and 
3' ends of introns, respectively. The consensus sequence for splice donor sites is 
(A/C)AG GURAGU (where R represents a purine nucleotide) with nucleotides 
in positions 1-3 located in the exon and nucleotides GURAGU located in the 
intron. 

An unpaired splice donor site is defined herein as a splice donor site 
present on the activation construct without a downstream splice acceptor site. 
When the vector is integrated by nonhomologous recombination into a host cell's 
genome, the unpaired splice donor site becomes paired with a splice acceptor site 
from an endogenous gene. The splice donor site from the vector, in conjunction 
with the splice acceptor site from the endogenous gene, will then direct the 
excision of all of the sequences between the vector splice donor site and the 
endogenous splice acceptor site. Excision of these intervening sequences removes 
sequences that interfere with translation of the endogenous protein. 

The terms upstream and downstream, as used herein, are intended to mean 
in the 5' or in the 3* direction, respectively, relative to the coding strand. The 
term "upstream region" of a gene is defined as the nucleic acid sequence 5* of its 
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surface receptors/proteins, gain or loss of cell-cell adhesion, migration, and 
cellular activation (e.g., resting versus activated T cells). 

A selectable marker may also be omitted from the construct when 
transfected cells are screened for gene activation products without selecting for 
the stable integrants. This is particularly useful when the efficiency of stable 
integration is high. 

The vector may contain one or more (/.e., one, two, three, four, five, or 
more, and most preferably one or two) amplifiable markers to allow for selection 
of cells containing increased copies of the integrated vector and the adjacent 
activated endogenous gene. Examples of amplifiable markers include but are not 
limited to dihydrofolate reductase (DHPR), adenosine deaminase (ada), 
dihydro-orotase glutamine synthetase (GS), and carbamyl phosphate synthase 
(CAD). 

The vector may contain eukaryotic viral origins of replication useful for 
gene amplification. These origins may be present in place of, or in conjunction 
with, an amplifiable marker. 

The vector may also contain genetic elements useful for the propagation 
of the construct in micro-organisms. Examples of useful genetic elements include 
microbial origins of replication and antibiotic resistance markers. 

These vectors, and any of the vectors disclosed herein, and obvious 
variants recognized by one of ordinary skill in the art, can be used in any of the 
methods described herein to form any of the compositions producible by those 
methods. 

Nonhomologous integration of the construct into the genome of a cell 
results in the operable linkage between the regulatory elements from the vector 
and the exons from an endogenous gene. In preferred embodiments, the insertion 
of the vector regulatory sequences is used to upregulate expression of the 
endogenous gene. Upregulation of gene expression includes converting a 
transcriptionally silent gene to a transcriptionally active gene. It also includes 
enhancement of gene expression for genes that are already transcriptionally active, 


but produce protein at levels lower than desired. In other embodiments, 
expression of the endogenous gene may be affected in other ways such as 
downregulation of expression, creation of an inducible phenotype, or changing the 
tissue specificity of expression. 

According to the invention, in vitro methods of production of a gene 
expression product may comprise/for example, (a) introducing a vector of the 
invention into a cell; (b) allowing the vector to integrate into the genome of the 
cell by non-homologous recombination; (c) allowing over-expression of an 
endogenous gene in the cell by upregulation of the gene by the transcriptional 
regulatory sequence contained on the vector; (d) screening the cell for 
over-expression of the endogenous gene; and (e) culturing the cell under 
conditions favoring the production of the expression product of the endogenous 
gene by the cell. Such //■/ vitro methods of the invention may further comprise 
isolating the expression product to produce an isolated gene expression product. 
In such methods, any art-known method of protein isolation may be 
advantageously used, including but not limited to chromatography (e.g., HPLC, 
FPLC, LC, ion exchange, affinity, size exclusion, and the like), precipitation (e.g., 
ammonium sulfate precipitation, immunoprccipitation, and the like), 
electrophoresis, and other methods of protein isolation and purification that will 
be familiar to one of ordinary skill in the art. 

Analogously, in vivo methods of production of a gene expression product 
may comprise, for example, (a) introducing a vector of the invention into a cell; 
(b) allowing the vector to integrate into the genome of the cell by 
non-homologous recombination; (c) allowing over-expression of an endogenous 
gene in the cell by upregulation of the gene by the transcriptional regulatory 
sequence contained on the vector; (d) screening the cell for over-expression of the 
endogenous gene; and (e) introducing the isolated and cloned cell into a eukaryote 
under conditions favoring the overexpression of the endogenous gene by the cell 
in vivo in the eukaryote. According to this aspect of the invention, any eukaryote 
may be advantageously used, including fungi (particularly yeasts), plants, and 
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animals, more preferably animals, still more preferably vertebrates, and most 
preferably mammals, particularly humans. In certain related embodiments, the 
invention provides such methods which further comprise isolating and cloning the 
cell prior to introducing it into the eukaryote. 

As used herein the phrases "conditions favoring the production" of an 
expression product, "conditions favoring the overexpression" of a gene, and 
"conditions favoring the activation" of a gene, in a cell or by a cell in vitro refer 
to any and all suitable environmental, physical, nutritional or biochemical 
parameters that allow, facilitate, or promote production of an expression product, 
or overexpression or activation of a gene, by a cell in vitro. Such conditions may, 
of course, include (lie use of culture media, incubation, lighting, humidity, etc., 
that are optimal or that allow, facilitate, or promote production of an expression 
product, or overexpression or activation of a gene, by a cell in vitro. Analogously, 
as used herein the phrases "conditions favoring the production" of an expression 
product, "conditions favoring the overexpression" of a gene, and "conditions 
favoring the activation" of a gene, in a cell or by a cell in vivo refer to any and all 
suitableenvironmental, physical, nutritional, biochemical, behavioral, genetic, and 
emotional parameters under which an animal containing a cell is maintained, that 
allow, facilitate, or promote production of an expression product, or 
overexpression or activation of a gene, by a cell in a eukaryote in vivo. Whether 
a given set of conditions are favorable for gene expression, activation, or 
overexpression, in vitro or in v/vo,may be determined by one of ordinary skill 
using the screening methods described and exemplified below, or other methods 
for measuring gene expression, activation, or overexpression that are routine in 
the art. 

As used herein, the phrase "activating an endogenous gene" means 
inducing the production of a transcript encoding the endogenous gene at levels 
higher than those normally found in the cell containing the endogenous gene. In 
some applications, "activating an endogenous gene" may also mean producing the 
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protein, or a portion of the protein, encoded by the endogenous gene at levels 
higher than those normally found in the cell containing the endogenous gene. 

The invention also encompasses cells made by any of the above methods. 
The invention encompasses cells containing the vector constructs, cells in which 
the vector constructs have integrated, and cells which are over-expressing desired 
gene products from an endogenous gene, over-expression being driven by the 
introduced transcriptional regulatory, sequence. 

Cells used in this invention can be derived from any eukaryotic species and 
can be primary, secondary, or immortalized. Furthermore, the cells can be derived 
from any tissue in the organism. Examples of useful tissues from which cells can 
be isolated and activated include, but are not limited to, liver, kidney, spleen, bone 
marrow, thymus, heart, muscle, lungi brain, testes, ovary, islet, intestinal, bone 
marrow, skin, bone, gall bladder, prostate, bladder, embryos, and the immune and 
hematopoietic systems. Cell types include fibroblast, epithelial, neuronal, stem, 
and follicular. However, any cell or cell type can be used to activate gene 
expression using this invention. 

The methods can be carried out in any cell of eukaryotic origin, such as 
fungal, plant' or animal. Preferred embodiments include vertebrates and 
particularly mammals, and more particularly, humans. 

The construct can be integrated into primary, secondary, or immortalized 
cells. Primary cells are cells that have been isolated from a vertebrate and have 
not been passaged. Secondary cells ate primary cells that have been passaged, but 
are not immortalized. Immortalized cells are cell lines that can be passaged, 

apparently indefinitely. 

In preferred embodiments, the cells are immortalized cell lines. Examples 
of immortalized cell lines include, but are not limited to, HT1080, HeLa, Jurkat, 
293 cells, KB carcinoma, T84 colonic epithelial cell line, Raji, Hep G2 or Hep 3B 
hepatoma cell lines, A2058 melanoma, U937 lymphoma, and WI38 fibroblast cell 
line, somatic cell hybrids, and hybridomas. 
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Cells used in this invention can be derived from any eukaryotic species, 
including but not limited to mammalian cells (such as rat, mouse, bovine, porcine, 
sheep, goat, and human), avian cells, fish cells, amphibian cells, reptilian cells, 
plant cells, and yeast cells. Preferably, overexpression of an endogenous gene or 
gene product from a particular species is accomplished by activating gene 
expression in a cell from that species. For example, to overexpress endogenous 
human proteins, human cells are used. Similarly, to overexpress endogenous 
bovine proteins, for example bovine growth hormone, bovine cells.are used. 

The cells can be derived from any tissue in the eukaryotic organism. 
Examples of useful vertebrate tissues from which cells can be isolated and 
activated include, but are not limited to, liver, kidney, spleen, bone marrow, 
thymus, heart, muscle, lung, brain, immune system (including lymphatic), testes, 
ovary, islet, intestinal, stomach, bone marrow, skin, bone, gall bladder, prostate, 
bladder, zygotes, embryos, and hematopoietic tissue. Useful vertebrate cell types 
include, but are not limited to, fibroblasts, epithelial cells, neuronal cells, germ 
cells (i.e. , spermatocytes/spermatozoa and oocytes), stem cells, and follicular cells. 
Examples of plant tissues from which cells can be isolated and activated include, 
but are not limited to, leaf tissue, ovary tissue, stamen tissue, pistil tissue, root 
tissue, tubers, gametes, seeds, embryos, and the like. One of ordinary skill will 
appreciate, however, that any eukaryotic cell or cell type can be used to activate 
gene expression using the present invention. 

Any of the cells produced by any of the methods described are useful for 
screening for expression of a desired gene product and for providing desired 
amounts of a gene product that is over-expressed in the cell. The cells can be 
isolated and cloned. 

Cells produced by this method can be used to produce protein in vitro 
(e.g., for use as a protein therapeutic) or in vivo (e.g., for use in cell therapy). 

Commercial growth and production conditions often vary from the 
conditions used to grow and prepare cells for analytical use (e.g., cloning, protein 
or nucleic acid sequencing, raising antibodies, X-ray crystallography analysis, 
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enzyraatic analysis, and the like). Scale up of cells for growth in roller bottles 
involves increase in the surface area on which cells can attach. Microcarrier beads 
are, therefore, often added to increase the surface area for commercial growth. 
Scale up of cells in spinner culture may involve large increases in volume. Five 
5 liters or greater can be required for both microcarrier and spinner growth. 

Depending on the inherent potency (specific activity) of the protein of interest, the 
volume can be as low as 1-10 liters. 10-15 liters is more common. However, up 
to 50-100 liters may be necessary and volume can be as high as 10,000-15,000 
liters. In some cases, higher volumes may be required. Cells can also be grown 
10 in large numbers of T flasks, for example 50-100. 

Despite growth conditions, protein purification on a commercial scale can 
also vary considerably from purification for analytic purposes. Protein purification 
in a commercial "practical context can be initially the mass equivalent of 10 liters 
of cells at approximately 10 4 cells/ml. Cell mass equivalent to begin protein 
15 purification can also be as high as 10 liters of cells at up to 10 f ' or 10' cells/ml. As 

one of ordinary skill will appreciate, however, a higher or lower initial cell mass 
equivalent may also be advantageously used in the present methods. 

Another commercial growth condition, especially when the ultimate 
product is used clinically, is cell growth in serum-free medium, by which is 
intended medium containing no serum or not in amounts that are required for cell 
growth. This obviously avoids the undesired co-purification of toxic contaminants 
(e.g., viruses) or other types of contaminants, for example, proteins that would 
complicate purification. Serum-free media for growth of cells, commercial 
sources for such media, and methods for cultivation of cells in serum-free media, 
25 are well-known to those of ordinary skill in the art. 

A single cell made by the methods described above can over-express a 
single gene or more than one gene. More than one gene can be activated by the 
integration of a single construct or by the integration of multiple constructs in the 
same cell (i.e., more than one type of construct). Therefore, a cell can contain 
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on.yo^.ypeofvecoroo^o.ordiff^.^of^,™^ ^ ab|eof 
activating an endogenous gene. 

The invention is al so direct ed to methods for making the cells described 
above by one or more of the flowing: introducing one or mor e of the vector 
— s; aUowing the introduced const.ct(s) to integrate into the genome of 
the ce,, by non-homologous recombination; allowing over-expression of one or 
more endogenous genes in the cell; and isolating and cloning the eel, 

The term « transection" has been used herein for convenience when 
^cussing introducing a polynucleotide into a cel.. However, it is t0 be 

the lnt ro d uc«on of the polynucleotide into a cell and is a. S0 intended to refer to 
the introduction by other methods desenbed herein such as electroporation 

hposome-mediatedintroduction.retrovinis-mediatedmtroduc^ 
well as according to its own specific meaning). 

The vector can be introduced into the cell by a number of methods known 
«n the art. These include, but are not limited to, electroporation, calcium 
phosphate precipitation, DEAE dextran, Infection, and receptor mediated 
endocytosis, polybrene, particle bombardment, and microinjection. Alternatively 
the vector can be delivered to the cell as a viral particle (either replication 
competent or deficient). Examples of viruses usefiil for the delive'ry of nucleic 
acid include, but are not limited to, adenoviruses, adeno-associated viruses, 
retroviruses, Herpesviruses, and vaccinia viruses. Other viruses suitable for 
delivery of nucleic acid molecules into cells that are known to one of ordinary skill 
may be equivalently used in the present methods. 

Following transfection, the cells are cultured under conditions, as known 
in the art, suitable for nonhomologous integration between the vector and the host 
cell's genome. Cells containing the nonhomologously integrated vector can be 
further cultured under conditions, as known in the art, allowing expression of 
activated endogenous genes. 
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The vector construct can be introduced into cells on a single DNA 
construct or on separate constructs and allowed to concatemerize. 

Whereas in preferred embodiments, the vector construct is a double- 
stranded DNA vector construct, vector constructs also include single-stranded 
DNA, combinations of single- and double-stranded DNA, single-stranded RNA, 
double-stranded RNA, and combinations of single- and double-stranded RNA. 
Thus, for example, the vector construct could be single-stranded RNA which is 
converted to cDNA by reverse transcriptase, the cDNA converted to double- 
stranded DNA, and the double-stranded DNA ultimately recombining with the 
host cell genome. 

In preferred embodiments, the constructs are linearized prior to 
introduction into the cell. Linearization of the activation construct creates free 
DNA ends capable of reacting with chromosomal ends during the integration 
process. In general, the construct is linearized downstream of the regulatory 
element (and exonic and splice donor sequences, if present). Linearization can be 
facilitated by, for example, placing aunique restriction site downstream of the 
regulatory sequences and treating the construct with the corresponding restriction 
enzyme prior to transfection. While not required, it is advantageous to place a 
"spacer" sequence between the linearization site and the proximal most functional 
element (e.g., the unpaired splice donor site) on the construct. When present, the 
spacer sequence protects the important functional elements on the vector from 
exonucleolytic degradation during the transfection process. The spacer can be 
composed of any nucleotide sequence that does not change the essential functions 
of the vector as described herein. 

Circular constructs can also be used to activate endogenous gene 
expression. It is known in the art that circular plasmids, upon transfection into 
cells, can integrate into the host cell genome. Presumably, DNA breaks occur in 
the circular plasmid during the transfection process, thereby generating free DNA 
ends capable of joining to chromosome ends. Some of these breaks in the 
construct will occur in a location that does not destroy essential vector functions 
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(e.g., the break will occur downstream of the regulatory sequence), and therefore, 
will allow the construct to be integrated into a chromosome in a configuration 
capable of activating an endogenous gene. As described above, spacer sequences 
may be placed on the construct (e.g., downstream of the regulatory sequences). 
During transfection, breaks that occur in the spacer region will create free ends at 
a site in the construct suitable for activation of an endogenous gene following 
integration into the host cell genome. 

The invention also encompasses libraries of cells made by the above 
described methods. A library can encompass all of the clones from a single 
transfection experiment or a subset of clones from a single transfection 
experiment. The subset can over-express the same gene or more than one gene, 
for example, a class of genes. The transfection can have been done with a single 
type of construct or with more than one type of construct. 

A library can also be formed by combining all of the recombinant cells 
from two or more transfection experiments, by combining one or more subsets of 
cells from a single transfection experiment or by combining subsets of cells from 
separate transfection experiments. The resulting library can express the same 
gene, or more than one gene, for example, a class of genes. Again, in each of 
these individual transfections, a unique construct or more than one construct can 
be used. 

Libraries can be formed from the same cell type or different cell types. 

The library can be composed of a single type of cell containing a single 
type of activation construct which has been integrated into chromosomes at 
spontaneous DN A breaks or at breaks generated by radiation, restriction enzymes, 
and/or DNA breaking agents, applied either together (to the same cells) or 
separately (applied to individual groups of cells and then combining the cells 
together to produce the library). The library can be composed of multiple types 
of cells containing a single or multiple constructs which were integrated into the 
genome of a cell treated with radiation, restriction enzymes, and/or DNA breaking 
agents, applied either, together (to the same cells) or separately (applied to 
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individual groups of cells and then combining the cells together to produce the 
library). 

The invention is also directed to methods for making libraries by selecting 
various subsets of cells from the same or different transfection experiments. For 
example, all of the cells expressing nuclear factors (as determined by the presence 
of nuclear green fluorescent protein in cells transfected with construct 20) can be 
pooled to create a library of cells with activated nuclear factors. Similarly, cells 
expressing membrane or secreted proteins can be pooled. Cells can also be 
grouped by phenotype, for example, growth factor independent growth, growth 
factor independent proliferation, colony formation, cellular differentiation (e.g., 
differentiation into a neuronal cell, muscle cell, epithelial cell, etc.), anchorage 
independent growth, activation of cellular factors (e.g., kinases, transcription 
factors, nucleases, etc.), gain or loss of cell-cell adhesion, migration, or cellular 
activation (e.g., resting versus activated T cells). 

The invention is also directed to methods of using libraries of cells to 
over-express an endogenous gene. The library is screened for the expression of 
the gene and cells are selected that express the desired gene product. The cell can 
then be used to purify the gene product for subsequent use. Expression of the cell 
can occur by culturing the cell in vitro or by allowing the cell to express the gene 


in vivo. 


The invention is also directed to methods of using libraries to identify 
novel gene and gene products. 

The invention is also directed to methods for increasing the efficiency of 
gene activation by treating the cells with agents that stimulate or effect the 
patterns of non-homologous integration. It has been demonstrated that gene 
expression patterns, chromatin structure, and methylation patterns can differ 
dramatically from cell type to cell type. Even different cell lines from the same cell 
type can have significant differences. These differences can impact the patterns 
of non-homologous integration by affecting both the DNA breakage pattern and 
the repair process. For example, chromatinized stretches of DNA (characteristics 
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likely associated with inactive genes) may be more resistant to breakage by 
restriction enzymes and chemical agents, whereas they may be susceptible to 
breakage by radiation. 

Furthermore, inactive genes can be methylated. In this case, restriction 
"enzymes that are blocked by CpG methylation will be unable to cleave methylated 
sites near the inactive gene, making it more difficult to activate that gene using 
methylation-sensitive enzymes. These problems can be circumvented by creating 
activation libraries in several cell lines using a variety of DNA breakage agents. 
By doing this, a more complete integration pattern can be created and the 
probability of activating a given gene maximized. 

The methods of the invention can include introducing double strand breaks 
into the DNA of the cell containing the endogenous gene lo be over-expressed. 
These methods introduce double-strand breaks into the genomic DNA in the cell 
prior to or simultaneously with vector integration. The mechanism of DNA 
breakage can have a significant effect on the pattern of DNA breaks in the 
genome. As a result, DNA breaks produced spontaneously or artificially with 
radiation, restriction enzymes, bleomycin, or other breaking agents, can occur in 
different locations. 

In order to increase integration efficiency and to improve the random 
distribution of integration sites, cells can be treated with low, intermediate, or high 
doses of radiation prior to or following transfection. By artificially inducing 
double strand breaks, the transfected DNA can now integrate into the host cell 
chromosome as part of the DNA repair process. Normally, creation of double 
strand breaks to serve as the site of integration is the rate limiting step. Thus, by 
increasing chromosome breaks using radiation (or other DNA damaging agents), 
a larger number of integrants can be obtained in a given transfection. 
Furthermore, the mechanism of DNA breakage by radiation is different than by 
spontaneous breakage. 

Radiation can induce DNA breaks directly when a high energy photon hits 
the DNA molecule Alternatively, radiation can activate compounds in the cell 


which in turn, react with and break the DNA strand. Spontaneous breaks, on the 
other hand, are thought to occur by the interaction between reactive compounds 
produced in the cell (such as superoxides and peroxides) and the DNA molecule. 
However, DNA in the cell is not present as a naked, deproteinized polymer, but 
instead is bound to chromatin and present in a condensed state. As a result, some 
regions are not accessible to agents in the cell that cause double strand breaks. 
The photons produced by radiation have wave lengths short enough to hit highly 
condensed regions of DNA, thereby inducing breaks in DNA regions that are 
under represented in spontaneous breaks. Thus, radiation is capable of creating 
different DNA breakage patterns, which in turn, should lead to different 
integration patterns. 

As a result, libraries produced using the same activation construct in cells 
with and without radiation treatment will potentially contain different sets of 
activated genes. Finally, radiation treatment increases efficiency of 
nonhomologous integration by up to 5-10 fold, allowing complete libraries to be 
created using fewer cells. Thus, radiation treatment increases the efficiency of 
gene activation and generates new integration and activation patterns in 
transfected cells. Useful types of radiation include a, p, y, x-ray, and ultraviolet 
radiation. Useful doses of radiation vary for different cell types, but in general, 
dose ranges resulting in cell viabilities of 0. 1% to >99% are useful. For HT1080 
cells, this corresponds to radiation doses from a l37 Cs source of approximately 
0. 1 rads to 1000 rads. Other doses may also be useful as long as the dose either 
increases the integration frequency or changes the pattern of integration sites. 

In addition to radiation, restriction enzymes can be used to artificially 
induce chromosome breaks in transfected cells. As with radiation, DNA 
restriction enzymes can create chromosome breaks which, in turn, serve as 
integration sites for the transfected DNA. This larger number of DNA breaks 
increases the overall efficiency of integration of the activation construct. 
Furthermore, the mechanism of breakage by restriction enzymes differs from that 
by radiation, the pattern of chromosome breaks is also likely to be different. 
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Restriction enzymes are relatively large molecules compared to photons 
and small metabolites capable of damaging DNA. As a result, restriction enzymes 
will tend to break regions that are less condensed then the genome as a whole. If 
the gene of interest lies within an accessible region of the genome, then treatment 
of the cells with a restriction enzyme can increase the probability of integrating the 
activation construct upstream of the gene of interest. Since restriction enzymes 
recognize specific sequences, and since a given restriction site may not lie 
upstream of the gene of interest, a variety of restriction enzymes can be used. It 
may also be important to use a variety of restriction enzymes since each enzyme 
has different properties (e.g., size, stability, ability to cleave methylated sites, and 
optimal reaction conditions) that affect which sites in the host chromosome will 
be cleaved. Each enzyme, due to the different distribution of cleavable restriction 
sites, will create a different integration pattern. 

Therefore, introduction of restriction enzymes (or plasmids capable of 
expressing restriction enzymes) before, during, or after introduction of the 
activation construct will result in the activation ofdillcre.nl sels of genes. Finally, 
restriction enzyme-induced breaks increase the integration efficiency by up to 5- 1 0 
fold (Yorifoji et aL, MuL Res. 243:121 (1990)), allowing fewer cells to be 
transfected to produce a complete library. Thus, restriction enzymes can be used 
to create new integration patterns, allowing activation of genes which failed to be 
activated in libraries produced by non-homologous recombination at spontaneous 
breaks or at other artificially induced breaks. 

Restriction enzymes can also be used to bias integration of the activation 
construct to a desired site in the genome. For example, several rare restriction 
enzymes have been described which cleave eukaryotic DNA every 50-1000 
kilobases, on average. If a rare restriction recognition sequence happens to be 
located upstream of a gene of interest, by introducing the restriction enzyme at the 
time of transfection along with the activation construct, DNA breaks can be 
preferentially upstream of the gene of interest. These breaks can then serve as 
sites for integration of the activation construct. Any enzyme can be that cleaves 
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in an appropriate location in or near the gene of interest and its site is 
under-represented in the rest of the genome or its site is over-represented near 
genes (e.g., restriction sites containing CpG). For genes that have not been 
previously identified, restriction enzymes with 8 bp recognition sites (e.g., HoO, 
Sfil Pmel Swal Sse\ Srjl SgrAl, Pad, Asc\, Sgfl, and Sse8387I), enzymes 
recognizing CpG containing sites (e.g., pagl, Bsi-WI, MM, and BssHU) and other 
rare cutting enzymes can be used. 

In this way, "biased" libraries can be created which are enriched for certain 
types of activated genes. In this respect, restriction enzyme sites containing CpG 
dinucleotides are particularly useful since these-sites are under-represented in the 
genome at large, but over-represented in the form of CpG islands at the 5' end of 
many genes, the very location that is useful for gene activation. Enzymes 
recognizing these sites, therefore, will preferentially cleave at the 5' end of genie 
sequences. 

Restriction enzymes can be introduced into the host cell by several 
methods. First, restriction enzymes can be introduced into the cell by 
electroporation(Yorifujie/a/.. Mui. Res. 243:121 (1990); Winegare^/., Mut. 
Res. 225:49 (1989)). In general, the amount of restriction enzyme introduced into 
the cell is proportional to its concentration in the electroporation media. The 
pulse conditions must be optimized for each cell line by adjusting the voltage, 
capacitance, and resistance. Second, the restriction enzyme can be expressed 
transiently from a plasmid encoding the enzyme under the control of eukaryotic 
regulatory elements. The level of enzyme produced can be controlled by using 
inducible promoters, and varying the strength of induction. In some cases, it may 
be desirable to limit the amount of restriction enzyme produced (due to its 
toxicity). In these cases, weak or mutant promoters, splice sites, translation start 
codons, and poly(A) (ails can be utilized to lower (he amount of restriction 
enzyme produced. Third, restriction enzymes can be introduced by agents that 
fuse with or permeabilize the cell membrane. Liposomes and streptolysin O 
(Pimplikar el al, J. Cell Biol. 72.5:1025 (1991)) are examples of this t ypc of 
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agent. Finally, mechanical perforation (Beckers et al, Cell 50:523-534 (1987)) 
and microinjection can also be used to introduce nucleases and other proteins into 
cells. However, any method capable of delivering active enzymes to a living cell 
is suitable. 1 

DNA breaks induced by bleomycin and other DNA damaging agents can 
also produce DNA breakage patterns that are different. Thus, any agent or 
incubation condition capable of generating double strand breaks in cells is useful 
for increasing the efficiency and/or altering the sites of non-homologous 
recombination. Examples of classes of chemical DNA breaking agents include, 
but are not limited to, peroxides and other free radical generating compounds,' 
alkylating agents, topoisomerase inhibitors, anti-neoplastic drugs, acids, 
substituted nucleotides, and enediyne antibiotics. 

Specific chemical DNA breaking agents include, but are not limited to, 
bleomycin, hydrogen peroxide, cumene hydroperoxide, tert-butyl hydroperoxide, 
hypochlorous acid (reacted with aniline, l-naphlhylaminc or l-naphihol), nitric 
acid, phosphoric acid, doxorubicin, 9-deoxydoxorubicin, demethyl-6-deoxyrubicin, 
5-iminodaunorubicin, adriamycin, 4 '-(9- acridinyIamino)methanesulfon- 
m-anisidide, neocarzinostatin, 8-methoxycaffeine, etoposide, ellipticine, 
iododeoxyuridine, and bromodeoxyuridine. 

It has been shown that DNA repair machinery in the cell can be induced 
by pre-exposing the cell to low doses of a DNA breaking agent such as radiation 
or bleomycin. By pretreating cells with these agents approximately 24 hours prior 
to transfection, the cell will be more efficient at repairing DNA breaks and 
integrating DNA following transfection. In addition, higher doses of radiation or 
other DNA breaking agents can be used since the LD50 (the dose that results in 
lethality in 50% of the exposed cells) is higher following pretreatment. This 
allows random activation libraries to be created at multiple doses and results in a 
different distribution of integration sites within the host cell's chromosomes. 
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Screening 

Once an activation library (or libraries) is created, it can be screened using 
a number of assays. Depending on the characteristics of the protein(s) of interest 

i 

(e.g., secreted versus intracellular proteins) and the nature of the activation 
construct used to create the library, any or all of the assays described below can 
be utilized. Other assay formats can also be used. 

ELISA. Activated proteins can be detected using the enzyme-linked 
immunosorbent assay (ELIS A). If the activated gene product is secreted, culture 
supernatants from pools of activation library cells are incubated in wells containing 
bound antibody specific for the protein of interest. If a cell or group of cells has 
activated the gene of interest, then the protein will be secreted into the culture 
media. By screening pools of library clones (the pools can be from 1 to greater 
than 100,000 library members), pools containing a cell(s) that has activated the 
gene of interest can be identified. The cell of interest can then be purified away 
from the other Iibraiy members by sib selection, limiting dilution, or other 
techniques known in the art. In addition to secreted proteins, EL1S A can be used 
to screen for cells expressing intracellular and membrane-bound proteins. In these 
cases, instead of screening culture supernatants, a small number of cells is 
removed from the library pool (each cell is represented at least 100-1000 times in 
each pool), lysed, clarified, and added to the antibody-coated wells. 

ELISA Spot Assay. ELISA spot are coated with antibodies specific for 
the protein of interest. Following coating, the wells are blocked with 1% 
BSA/PBS for 1 hourat37°C. Following blocking, 100,000 to 500,000 cells from 
the random activation library are. applied to each well (representing -10% of the 
total pool). In general, one pool is applied to each well. If the frequency of a cell 
expressing the protein of interest is 1 in 10,000 (i.e., the pool consists of 10,000 
individual clones, one of which expresses the protein of interest), then plating 
500,000 cells per well will yield 50 specific cells. Cells are incubated in the wells 
at 37°C for 24 to 48 hours without being moved or disturbed. At the end of the 
incubation, the cells are removed and the plate is washed 3 times with PBS/0.05% 
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Tween 20 and 3 times with PBS/1%BSA. Secondary antibodies are applied to the 
wells at the appropriate concentration and incubated for 2 hours at room 
temperature or 16 hours at 4°C. These antibodies can be biotinylated or labeled 
directly with horseradish peroxidase (HRP). The secondary antibodies are 
removed and the plate is washed with PBS/1% BSA. The tertiary antibody or 
streptavidin labeled with HRP is added and incubated for 1 hour at room 
temperature. 

FACS assay. The fluorescence-activated cell sorter (FACS) can be used 
to screen the random activation library in a number of ways. If the gene of interest 
encodes a cell surface protein, then fluorescently-labeled antibodies are incubated 
with cells from the activation library. If the gene of interest encodes a secreted 
protein, then cells can be biotinylated and incubated with streptavidin conjugated 
to an antibody specific to the protein of interest (Manz et al, Ptoc. Natl. Acad. 
Sci. (USA) 92:1921 (1995)). Following incubation, the cells are placed in a high 
concentration of gelatin (or other polymer such as agarose or mcthylccllulose) to 
limit diffusion of the secreted protein. As protein is secreted by the cell, it is 
captured by the antibody bound to the cell surface. The presence of the protein 
of interest is then detected by a second antibody which is fluorescently labeled. 
For both secreted and membrane bound proteins, the cells can then be sorted 
according to their fluorescence signal. Fluorescent cells can then be isolated, 
expanded, and further enriched by FACS, limiting dilution, or other cell 
purification techniques known in the art. 

Magnetic Bead Separation. The principle of this technique is similar to 
FACS. Membrane bound proteins and captured secreted proteins (as described 
above) are detected by incubating the activation library with- an 
antibody-conjugated magnetic beads that are specific for the protein of interest. 
If the protein is present on the surface of a cell, the magnetic beads will bind to 
that cell. Using a magnet, the cells expressing the protein of interest can be 
purified away from the other cells in the Ubrary. The cells are then released from 
the beads, expanded, analyzed, and further purified if necessary. 
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RT-PCR A small number of cells (equivalent to at least the number of 
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Alternatively, primers can be used ^ span ^ 
~ construct and the exon of the en dogenous gene . m$ ^ ^ 

f the action constat has integrated upstream of the gene of interest and 
abated gene expression, then this ^ ^ ^ ^ 

spec.fic for tIie genc wjI| ampljfy (he ac(ivated ^ ^ yjnue ^ ^ pres ^ e 

*-3^ Thus this 

-hod can be used to detect activated genes in cells that normally express the 

gene of mterest at lower than desired levels. 

Phenotypic Section. In this embodiment, cells can be selected based on 
a phenotype conferred by the activated gene. Examples of phenotypes that can 

e selected for include proliferate, growth factor independent growth, colony 
formation, cellular d.fferentiation (e.g., differentiate mto a n^^ muscle 
cell, epnhelia. cell, etc.), anchorage independent growth, activation of cellular 
factors(e. g ., ldaBa ^ transcription factors, nucleases, etc.), gain or loss ofcell-d. 
adheaon, migration, and cellular activation (e.g., resting versus activated T cells) 
Isolatton of activated cells demonstrating a phenotype, such as those described 
above, is important because the activation of an endogenous gene by the 

mtegratedconstructispresumablyresponsiblefortheobservedcellularphenotype 
Thus, the activated gene may be an important therapeutic drug or drug target for 
treating or inducing the observed phenotype. 

The sensitivity of each of the above assays can be effectively increased by 
transiently upregulating gene expression in the library cells. This can be 
accomplished for NP-kB site-containing promoters (on the activation construct) 
by adding PMA and tumor necrosis factor-a, e.g., to the library. Separately or 
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in conjunction with PMA and TNF-a, sodium butyrate can be added to further 
enhance gene expression. Addition of these reagents can increase expression of 
the protein of interest, thereby allowing a lower sensitivity assay to be used to 
identify the gene activated cell of interest. 

Since large activation libraries are created to maximize activation of many 
genes, it is advantageous to organize the library clones in pools. Each pool can 
consist of 1 to greater than 1 00,000 individual clones. Thus, in a given pool, many 
activated proteins are produced, often in dilute concentrations (due to the overall 
size of the pool and the limited number of cells within the pool that produce a 
given activated protein). Thus, concentration of the proteins prior to screening 
effectively increases the ability to detect the activated proteins in the screening 
assay. One particularly useful method of concentration is ultrafiltration; however, 
other methods can also be used. For example, proteins can be concentrated 
non-specifically, or semi-specifically by adsorption onto ion exchange, 
hydrophobic, dye, hydroxynpalite, lectin, and other suitable resins under 
conditions that bind most or all proteins present. The bound proteins can then be 
removed in a small volume prior to screening. It is advantageous to grow the cells 
in serum free media to facilitate the concentration of proteins. 

In another embodiment, a useful sequence that can be included on the 
activation construct is an epitope tag. The epitope tag can consist of an amino 
acid sequence that allows affinity purification of the activated protein (e.g., on 
immunoaffinity or chelating matrices). Thus, by including an epitope tag on the 
activation construct, all of the activated proteins from an activation library can be 
purified. By purifying the activated proteins away from other cellular and media 
proteins, screening for novel proteins and enzyme activities can be facilitated. In 
some instances, it may be desirable to remove the epitope tag following 
purification of the activated protein. This can be accomplished by including a 
protease recognition sequence (e.g., Factor Lla or enterokinase cleavage site) 
downstream from the epitope tag on the activation construct. Incubation of the 
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purified, activate^ 
tag from the proteins(s). 

In libraries in which an epitope tag sequence is located on the activation 
construct, all of the activated proteins can be purified away from all other cellular 
and media proteins using affinity purification. This not only concentrates the 
actuated proteins, but also purines them away from other activities that can 
interfere with the assay used to screen the library. 

Once a pool of clones containing cells over-expressing the gene of interest 
>s identified, steps can be taken to isolate the activated cell. Isolation of the 
activated cell can be accomplished by a variety of methods known in the art 
Examples of cell purification methods include limiting dilution, fluorescence 
activated cell sorting, magnetic bead separation, sib selection, and single colony 
purification using cloning rings. 

In preferred embodiments of Ihc invention, ,| )C methods include a process 
wherein the expression product is purified. ,„ highly preferred embodiments, the 
cells expressing the endogenous gene product are cultured so as to produce 
amounts of gene product feasible for commercial application, and especially 
diagnostic and therapeutic and drug discovery uses. 

Any vector used in the methods described herein can include an amplifiable 
marker. Thereby, amplification of both the vector and the DNA of interest (i.e., 
containing the over-expressed gene) occurs in the cell, and further enhanced 
expression of the endogenous gene is obtained. Accordingly, methods caninclude 
a step in which the endogenous gene is amplified. 

Once the activated cell has been isolated, expression can be further 
increased by amplifying the locus containing both the gene of interest and the 
activation construct. This can be accomplished by each of the methods described 
below, either separately or in combination. 

Amplifiable markers are genes that can be selected for higher copy number. 
Examples of amplifiable markers include dihydrofolate reductase, adenosine 
deaminase, aspartate transcarbamylase, dihydro-orotase, and carbamyl phosphate 
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of DHFR and the gene of interest. Methotrexate concentrations in the micromolar 
and millimolar range can be used for clones containing the highest degree of gene 
amplification. 

Placement of a viral origin of replication^) (e.g., ori P or SV40 in human 
cells, and polyoma ori in mouse cells) on the activation construct will result in the 
juxtaposition of the gene of interest and the viral origin of replication in the 
activated cell. The origin and flanking sequences can then be amplified by 
introducing the viral replication protein(s) in trans. For example, when ori P (the 
origin of replication on Epstein-Barr virus) is utilized, EBNA-I can be expressed 
transiently or stably. EBNA-1 will initiate replication from the integrated ori P 
locus. The replication will extend from the origin bi-directionally. As each 
replication product is created, it too can initiate replication. As a result, many 
copies of the viral origin and flanking genomic sequences including the gene of 
interest are created. This higher copy number allows the cells to produce larger 
amounts of the gene of interest. 

At some frequency, the replication product will recombine to form a 
circular molecule containing flanking genomic sequences, including the gene of 
interest. Cells that contain circular molecules with the gene of interest can be 
isolated by single cell cloning and analysis by Hirt extraction and Southern 
blotting. Once purified, the cell containing the episomal genomic locus at elevated 
copy number (typically 10-50 copies) can be propagated in culture. To achieve 
higher amplification, the episome can be further boosted by including a second 
origin adjacent to the first in the original construct. For example, T antigen can 
be used to boost the copy number of ori P/SV40 episomes to a copy number of 
-1000 (Heinzel et al f 1 Virol. 62:3738(1988)). This substantial increase in copy 
number can dramatically increase protein expression. 

The invention encompasses over-expression of endogenous genes both in 
vivo and in vitro. Therefore, the cells could be used in vitro to produce desired 
amounts of a gene product or could.be used in vivo to provide that gene product 
in the intact animal 
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The invention also encompasses the proteins produced by the methods 
described herein. The proteins can be produced from either known, or previously 
unknown genes. Examples of known proteins that can be produced by this 
method include, but are not limited to, erythropoietin, insulin, growth hormone, 
glucocerebrosidase, tissue plasminogen activator, granulocyte-colony stimulating 
factor, granulocyte/macrophage colony stimulating factor, interferon a, interferon 
p, interferon y, interleukin-2, interleukin-6, interleukin-1 1, interleukin-12, TGF 
p, blood clotting factor V, blood clotting factor VII, blood clotting factor VIII, 
blood clotting factor IX, blood clotting factor X, TSH-p, bone growth factor 2, 
bone growth factor-7, tumor necrosis factor, alpha- 1 antitrypsin, anti-thrombinlll, 
leukemia inhibitory factor, glucagon, Protein C, protein kinase C, macrophage 
colony stimulating factor, stem cell factor, follicle stimulating hormone P, 
urokinase, nerve growth factors, insulin-like growth factors, insulinotropin, 
parathyroid hormone, lactoferrin, complement inhibitors, platelet derived growth 
factor, keratinocyle growth factor, neurotropin-3, ihrombopoictin, chorionic 
gonadotropin, thrombomodulin, alpha glucosidase, epidermal growth factor, FGF, 
macrophage-colony stimulating factor, and cell surface receptors for each of the 
above-described proteins. 

Where the protein product from the activated cell is purified, any method 
of proteifi purification known in the art may be employed. 

Isolation of Cells Containing Activated Membrane Protein-Encoding Genes 

Genes that encode membrane associated proteins are particularly 
interesting from a drug development standpoint. These genes and the proteins 
they encode can be used, for example, to develop small molecule drugs using 
combinatorial chemistry libraries and high through-put screening assays. 
Alternatively, the proteins or soluble forms of the proteins (e.g., truncated proteins 
lacking the transmembrane region) can be used as therapeutically active agents in 
humans or animals. Identification of membrane "proteins can also be used to 
identify new ligands (e.g., cytokines, growth factors, and other effector molecules) 
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using two hybrid approaches or affinity capture techniques. Many other uses of 
membrane proteins are also possible. 

Current approaches to identifying genes that encode integral membrane 
proteins involve isolation and sequencing of genes from cDNA libraries. Integral 
membraneproteins are then identified by ORF analysis using hydrophobicity plots 
capable of identifying the transmembrane region of the protein. Unfortunately 
usmg this approach a gene encoding an integral membrane protein can not be 
identified unless the gene is expressed in the cells used to produce the cDNA 
library. Furthermore, many genes are only expressed in very rare cells, during 
short developmental windows, and/or at very low levels. As a result, these genes 
can not be efficiently identified using the currently available approaches. 

The present invention allows endogenous genes to be activated without 
any knowledge of the sequence, structure, function, or expression profile of the 
genes. Using the disclosed methods, genes may be activated at the transcription 
level only, or at both the transcription and translation levels. As a result, proteins 
encoded by the activated endogenous gene can be produced in cells containing the 
integrated vector. Furthermore, using specific vectors disclosed herein, the 
protein produced from the activated endogenous gene can be modified, for 
example, to include an epitope tag. Other vectors (e.g., vectors 12-17 described 
above) may encode a signal peptide followed by an epitope tag. This vector can 
be used to isolate cells that have activated expression of an integral membrane 
protein (see Example 5 below). This vector can also be used to direct secretion 
of proteins that are not normally secreted. 

Thus, the invention also is directed to methods for identifying an 
endogenous gene encoding a cellular integral membrane protein or a 
transmembrane protein. Such methods of the invention may comprise one or more 
steps. For example, one such method of the invention may comprise (a) 
introducing one or more vectors of the invention into a cell; (b) allowing the 
vector to integrate into the genome of the cell by non-homologous recombination; 
(c) allowing over-expression of an endogenous gene in the cell by upregulation of 
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substance (e.g., poly histidine/ divalent metal ion supports, maltose binding 
protein/maltose supports, glutathione S-transferase/glutathione support), or an 
extracellular domain (lacking a transmembrane domain) from an integral 
membrane protein for which an antibody or ligand exists. It will be understood, 
however, that other types of epitope tags that are familiar to one of ordinary skill 
in the art may be used equivalently in accordance with the invention. 

Vectors for Non-targeted Activation of Endogenous Genes 

As noted above, non-targeted gene activation has a number of important 
applications, including activating endogenous genes in host cells which provides 
a powerful approach to discovering and isolating new genes and proteins, and to 
producing large amounts of specific proteins for commercialization. For some 
applications of non-targeted gene activation, it is desirable to create libraries of 
cells in which each member of the library contains an activation vector integrated 
into a unique location in the host cell genome, and in which each member of the 
library has activated a different endogenous gene. Furthermore, it would be 
desirable to remove cells from the library that contain an integrated vector, but fail 
to activate an endogenous gene. Since eukaiyotic genomes often contain large 
regions that lack genes, integration of an activation vector into a region devoid of 
genes can occur frequently. These integrated vectors, however, fail to activate an 
endogenous gene, and yet are capable of conferring drug resistance on the host 
cells when a selectable marker (driven by a suitable promoter and followed by a 
polyadenylation signal) is included on the activation vector. Even more 
problematic for gene discovery applications, a transcript containing vector 
sequences is produced in these cells regardless of whether or not a gene has been 
activated. In cases where a gene has not been activated, these vector sequence- 
containing transcripts contain non-genic genomic DNA sequences. As a result, 
when isolating activated genes, one cannot isolate all RNA (or cDNA) molecules 
that are derived from the integrated vector (i.e. transcripts containing vector 
sequences), since many of these transcripts do not encode an endogenous gene. 
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P-actin promoter) operably linked to a selectable marker gene lacking a poly(A) 
signal. Since the selectable marker gene lacks a polyadenylation signal, its 
message will not be stable, and the marker gene product will not be efficiently 
produced. However, if the activation vector integrates upstream of an 
endogenous gene, the selectable marker can utilize the polyadenylation signal of 

theendogenousgenctherebyallowingproductionoftheselectablemarkerprotein 
in sufficient amounts to confer drug resistance. Thus, cells that integrate this 
activation vector generally form a drug resistant colony only if an endogenous 
gene has been activated. 

The poly(A) trap activation vectors can include any selectable or 
screenable marker. Furthermore, the selectable marker can be expressed from any 
promoter that is functional in the cells used to create the integration library. Thus, 
the selectable marker can be expressed by viral or non-viral promoters.' 
Optionally, an unpaired splice donor site may be included in the construct, 
preferably 3' of the selectable marker to allow the exon encoding the selectable 
marker to be spliced directly to the exons of the endogenous gene. When a 
downstream transcriptional regulatory sequence and a splice donor site is included 
on the vector, the inclusion of a splice donor site adjacent to the selectable marker 
results in the removal of these downstream elements from the messenger RNA. 

In a related embodiment, a second transcriptional regulatory sequence 
(which may be any transcriptional regulatory sequence, including but not limited 
to thepromoters, enhancers, and repressors described herein, and which preferably 
is a promoter or an enhancer, and .most preferably a promoter) may be located 
downstream of, and in the same orientation as, the selectable marker. Optionally, 
an unpaired splice donor site may be linked to the downstream transcriptional 
regulatory sequence. In this configuration, the poly(A) trap vector is capable of 
producing a message containing the downstream vector-encoded exon spliced to 
endogenous exons. As described below, these chimeric transcripts can be 
translated into native or modified protein, depending on the nature of the vector- 
encoded exon. 
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As used herein, a "vector-encoded exon" means a region of a vector 
downstream of the transcriptional regulatory sequence and between the 
transcription start site and the unpaired splice donor site found on the vector. The 
vector-encoded exon is present at the 5' end of the transcript containing the 
endogenous gene in the folly processed message. Analogously, as used herein, a 
"vector-encoded intron" is the region of the vector located downstream of the 
unpaired splice donor site. When a linearization site is present on the vector, the 
vector-encoded intron is the region of the vector that is downstream of the vector- 
encoded exon between the unpaired splice donor site and the linearization site. 
The vector-encoded intron is removed from the activated gene transcript during 
RNA processing. 


Splice Acceptor Trap (SAT) Vectors 

As an alternative approach for removing cells that fail to activate an 
endogenous gene, the invention provides additional vectors designated herein as 
"Splice Acceptor Trap" (SAT) vectors. These vectors ate designed to splice from 
a vector encoded splice donor site to an endogenous splice acceptor. 
Furthermore, the vectors are designed to produce a product that is toxic to the 
host cells (or a product that can be selected against) if splicing does not occur. 
Thus, thesevectors facilitate elimination of cells in which the vector-encoded exon 
failed to splice to an endogenous exon. 

The splice acceptor trap vectors can contain both a positive selectable 
marker and a negative selectable marker gene oriented in the same direction on the 
vector. As used herein, a positive selectable marker is a gene that, upon 
expression, produces a protein capable of facilitating the isolation of cells 
expressing the marker. Analogously, as used herein, a negative selectable marker 
is a gene that, upon expression, produces a protein capable of facilitating removal 
of cells expressing the marker. 

The positive selectable marker and the negative selectable marker are 
preferably separated in the vector construct by an unpaired splice donor site. In 
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other embodiments, however, the positive selectable marker may be fused to the 
negative selectable marker gene. In this configuration an unpaired splice donor 
Site ,s located between the positive and negative selectable marker, such that the 

readrngframeofthenegativeselectablemarkeris preserved. The unpaired splice 
donor site is pre f erably Iocated at ^ ^ rf ^ ^ ^ 

selectable markers. However, the unpaired splice donor site may be located 
anywhere in the fusion gene such that upon splicing to an endogenous splice 
acceptor sue, the positive selectable marker will be expressed in an active form 
and the negative selectable marker will be expressed m an inactive form or not at 

alLInthsconfigurafo^thepositiveselectablemarkerislocatedupstreamofthe 
negative selectable marker. 

It will also be apparent to one of ordinary skill in view of the description 
contamed herein that the positive and negative selectable markers on the SAT 
vector need not be expressed as a fusion protein. In one embodiment, an internal 
nbosomal entry si(c (,res) is inserted between the positive selectable marker and 
the negative selectable marker. In this configuration, the u„ paired sp l ice donor 
arte can be positioned between the two markers, or in the open reading frame of 
either marker gene such that, upon splicing, the positive selectable marker will be 
expressed in an active form and the negative selectable marker will be expressed 
in an inactive form, or not at all. In another embodiment, the positive selectable 
markermay be driven from a different transcriptional regulatory sequence than the 
negative selectable marker. In this configuration, the unpaired splice donor site 
is located in the 5' untranslated region of the negative selectable marker or 
anywhere in the open reading frame of the negative selectable marker such that, 
upon splicing, the negative selectable marker will be produced in an inactive form 
or not at all. Furthermore, when the positive and negative markers are driven 

from different transcriptional regulatory sequences, the positive selectable marker 
may be located upstream or downstream of the negative selectable marker, and the 
positive selectable marker may contain or lack a splice donor site at its 3' end. 
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The vectors described herein may contain any positive selectable marker. 
Examples of positive selectable markers useful in this invention include genes 
encoding neomycin (neo), hypoxanthine phosphoriosyl transferase (HPRT), 
puromycin (pac), dihydro-oratase, glutamine synthetase (GS), histidine D (his D), 
carbamyl phosphate synthase (CAD), dihydrofolate reductase (DHFR), multidrug 
resistance 1 (mdrl), aspartate transcarbamylase, xanthine-guanine phosphoribosyl 
transferase (gpt), and adenosine deaminase (ada). Alternatively, the vectors may 
contain a screenable marker in place of the positive selectable marker. Screenable 
markers include any protein capable of producing a recognizable phenotype in the 
host cell. Examples of screenable markers included cell surface epitopes (such as 
CD2) and enzymes (such as P-galactosidase). 

The vectors described herein may also, or alternatively, contain any 
negative selectable marker that can be selected against. Examples of negative 
selectable markers include hypoxanthine phosphoribosyl transferase (HPRT), 
thymidine kinase (TK), and diptheria toxin. The negative selectable marker can 
also be a screenable marker, such as a cell surface protein or an enzyme. Cells 
expressing the negative screenable marker may be removed by, for example, 
Fluorescence Activated Cell Sorting (FACS) or magnetic bead cell sorting. 

To isolate cells that have activated expression of an endogenous gene, the 
cells containing the integrated vector can be placed under the appropriate drug 
selection. Selection for the positive selectable marker and against the negative 
selectable marker can occur simultaneously. In another embodiment, selection can 
occur sequentially. When selection occurs sequentially, selection for the positive 
selectable marker can occur first, followed by selection against the negative 
selectable marker. Alternatively, selection against the negative selectable marker 
can occur first, followed by selection for the positive selectable marker. 

The positive and negative markers are expressed by a transcriptional 
regulatory element located upstream of the translation start site of each gene. 
When a positive/negative marker fusion gene or an ires sequence is used, a single 
transcriptional regulatory element drives expression of both markers. A poly(A) 
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signal may be placed 3' of each selectable marker. If a positive/negative fusion 
gene is used a single poly(A) signal is positioned 3 5 of the markers. Alternatively, 
a poly(A) signal may be excluded from the vector to provide additional specificity 
for a gene activation event (see dual poly(A)/splice acceptor trap below). 

Dual PoIy(A)/SpIice Acceptor Trap Vectors 

To further reduce the number of cells that lack a gene activation event, the 
invention also provides vectors that confers host cell survival only if the vector- 
encoded exon has spliced to an exon from an endogenous gene and has acquired 
a poly(A) signal. These vectors are designated herein as "dual poly(A)/splice 
acceptor trap vectors" or as "dual poly(A)/SAT vectors." By requiring both 
splicing and polyadenylation to occur for cell survival, cells that fail to activate an 
endogenous gene are more efficiently eliminated from the activation library. 

The dual poly(A)/splice acceptor trap vectors contain a positive selectable 
marker and a negative selectable marker configured as described for the SAT 
vectors; however, neither gene contains a functional poly(A) signal. Thus, the 
positive selectable marker will not be expressed at high levels unless splicing 
occurs to capture an endogenous poly(A) signal. Aside from the lack of a poly(A) 
signal, all other features and embodiments of this type of vector are the same as 
those of the SAT vectors as described herein. Examples of dual poly(A)/SAT 
vectors are shown in Figs. 9 A-9F and 1 OA- 1 OF. The nucleotide sequence of one 
such dual poly(A)/SAT vector, designated pRIG22b, is shown in Fig. 16A-16B 
(SEQ ID NO:20). 

Vectors for Activating Protein Expression from Endogenous Genes 

In many applications of non-targeted gene activation, it is desirable to 
produce protein from the activated endogenous gene. To accomplish this, a 
second transcriptional regulatory sequence (which may be any transcriptional 
regulatory sequence, including but not limited to the promoters, enhancers, and 
repressors described herein, and which is preferably a promoter or an enhancer, 
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and most preferably a promoter) can be placed downstream of the selectable 
marker(s) on any of the vectors described herein. When poly(A) trap vectors 
SAT vectors, or dual pol y (A) trap/SAT vectors are used, the downstream 
transcriptional regulatory sequence is positioned to drive expression in the same 
direction as the upstream selectable marker(s). To activate expression of full- 
length protein with this type of vector, however, the vector must integrate into the 
5' UTR of the endogenous gene to avoid cryptic start ATG codons upstream of 
exon I. 

Alternatively, to increase the frequency of protein expression using non- 
targeted gene activation, the downstream transcriptional regulatory sequence on 
the vector may be operably linked to an exonic sequence followed by a splice 
donor site. In a preferred embodiment, the vector exon lacks a start codon. This 
vector is particularly useful for aclivating protein expression from genes that do 
not encode the translation start codon in exon I. In an alternative preferred 
embodiment, the vector exon contains a start codon. Additional codons can be 
located between the translational start codon and the splice donor site. For 
example, a partial signal secretion sequence can be encoded on the vector exon. 
The partial signal sequence can be any amino acid sequence capable of 
complementing a partial signal sequence from an endogenous gene to produce a 
functional signal sequence. The partial sequence may encode between one and 
one hundred amino acids, and may be derived from existing genes, or may consist 
of novel sequences. Thus, this vector is useful for producing and secreting protein 
from genes that encode part of the endogenous signal sequence in exon I, and the 
remainder in subsequent exons. In another example of a vector useful for 
activating a particular type of endogenous gene, a functional signal sequence can 
be encoded on the vector exon. This vector allows protein to be produced and 
secreted from genes that encode a signal sequence in exon I. It can also be used 
to produce secreted forms of proteins that are not normally secreted. 

In cases where a start codon is included on the vector exon, it can be 
advantageous to produce a vector in each reading frame. This is achieved by 
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varying the number of nucleotides between the start codon and the splice donor 
junction site. Together, the preferred vector configurations are capable of 
producing protein from endogenous genes, regardless oftheexon/intron structure, 
location of the translation start codon, or reading frame. 

Vectors for Isolating Exon I from Activated Endogenous Genes 

The non-targeted gene activation vectors described above are useful for 
activating and isolating endogenous genes and for producing protein from 
endogenous genes. Upon integration upstream of an endogenous gene, however 
each of these vectors produces a transcript that lacks exon I from the endogenous 
gene. Since the vectors are designed to produce a transcript containing the vector 
encoded exon spliced to the first splice acceptor site downstream of the vector 
integration site, and since the first exon of eukaryotic genes does not contain a 
splice acceptor site, normally, the first exon of endogenous genes will not be 
recovered on mRNA molecules derived -from non-tar^elcd ^enc activation. For 
some genes, such as genes that contain coding information in the first exon, there 
is a need to efficiently recover the first exon of the activated endogenous gene. 

To recover the first exon of activated endogenous genes, a transcriptional 
regulatory sequence (which may be any transcriptional regulatory sequence, 
including but not limited to the promoters, enhancers, and repressors described 
herein, and which is preferably a promoter or an enhancer, and most preferably a 
promoter) is included on the activation vector downstream of a second 
transcriptional regulatory sequence (which may also be any transcriptional 
regulatory sequence, including but not limited to the promoters, enhancers, and 
repressors described herein, and which is preferably a promoter or an enhancer, 
and most preferably a promoter) which drives expression of a vector encoded 
exon. Thus, the upstream transcriptional regulatory sequence is linked to an 
unpaired splice donor site and the downstream transcriptional regulatory sequence 
is not linked to a splice donor site. Both transcriptional regulatory sequences are 
oriented to drive expression in the same direction. Examples of such exon I 
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recovery vectors are shown in Fig. 12A-12G. The integration of this type of 
vector will create at least two different types of RNA transcripts (Figure 1 3). The 
first transcript is derived from the upstream transcriptional regulatory sequence 
and contains the vector exon spliced to exon II of an endogenous gene. The 
second transcript is derived from the downstream transcriptional regulatory 
sequence and contains, from 5' to 3', the region between the vector and the 
transcription start site of the gene, exon I, exon II, and all downstream exons. 
Using methods described herein, both transcripts can be recovered and analyzed, 
allowing the characterization of exon I from genes isolated by non-targeted gene 
activation. 

The exon located on the activation vector can encode a selectable marker 
a protein, a portion of a protein, secretion signal sequences, a portion of a signal 
sequence, an epitope, or nothing. When a protein is encoded by the exon, a 
poly(A) signal may be included downstream of the vector encoded gene. 
Alternatively, a poly(A) signal may be omitted. In another embodiment, a positive 
and negative selectable marker may be opcrably linked to the upstream 
transcriptional regulatory sequence(s). In this embodiment, the position of the 
unpaired splice donor site relative to the selectable markers is described above for 
the SAT vectors and the dual poly(A)/SAT vectors. 


Gene Activation Vectors for Singlc-Exon and Multi-Exon Gene Trapping 
As noted above, in one embodiment the poly(A) trap vectors of the 
invention may contain a promoter operably linked to a selectable marker followed 
by an unpaired splice donor site. Such vectors, when integrated into or near a 
gene, produce transcripts containing the selectable marker spliced onto an 
endogenous gene. Since the endogenous gene encodes a poly(A) signal, the 
resulting mRN A is polyadenylated, thereby allowing the transcript to be translated 
at levels sufficient to confer drug resistance on the cell containing the integrated 
vector. 
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genes, vectors accordingto this aspectofthe invention can also be used to recover 
exon I from the activated gene, as described in the section of this application 
entitled "Vectors for Isolating Exon I from Activated Endogenous Genes." 

In a preferred embodiment, the vector can contain a second selectable 
marker upstream of the first selectable marker (see Figure 18). The upstream 
selectable marker is preferably operably linked to a transcriptional regulatory 
sequence, most preferably a promoter. Optionally, an unpaired splice donor site ^ 
can be positioned between the transcription start site and the translation start site 
of the upstream selectable marker. Alternatively, the splice donor site may be 
located anywhere in the open reading frame of the upstream selectable marker, 
such that, following vector integration into a host cell genome, and upon splicing 
from the vector encoded splice donor site to an endogenous exon, the upstream 
selectable marker will be produced in an inacUve form, or not at all. By selecting 
for cells that produce the downstream positive selectable marker in an active form, 
cells containing the vector integrated into or near a gene can be isolated. 
Furthermore, by selecting against cells producing the upstream selectable marker 
in the active form, cells in which the vector transcript has spliced to an exon from 
amulti-exonendogenousgenecanberemoved. In other words, these vectors can 
be used to isolate cells that contain a vector integrated into a single exon gene or 
into the 3> most exon of a multi-exon gene since, in these instances, a sphce 
acceptor site is absent between the vector encoded splice donor site and the 
endogenous poly (A) signal. Thus, the majority of cells containing activated 
mu .ti-exon genes will not survive selection, and as a result, cells contanung 
activated single exon genes wil> be greatly enriched in the hbrary. 

In another preferred embodiment, vectors accordmg to this aspect of the 
• m ventionma y containoneormore(,e.,one, two, three, four, ftve, or more, and 
preferably one) negative selectable marker(s) upstream of the ftrst selectable 
markerCseeFigures «9Aand 19B). The negative selectable marker preferably ,s 
operably linked to a promoter. Optionally, an unpatred sphce donor site may be 
positioned between the transcription start site and the translation start site of the 
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negative selectable marker. Alternatively, the splice donor site may be located 
anywhere in the open reading frame of the negative selectable marker, such that, 
following vector integration into a host cell genome, and upon splicing from the 
vector encoded splice donor site to an endogenous exon, the negative selectable 
marker will be produced in an inactive form, or not at all. By selecting for cells 
that produce the positive selectable marker in an active form and selecting against 
cells producing the negative selectable marker in the active form, these vectors can 
be used to identify cells containing the vector integrated into or upstream of an 
endogenous gene. Since (I) splicing to an endogenous exon and (2) acquisition 
of a poly (A) signal are both required for cell survival, cells containing cryptic 
gene trap events are reduced within the library. The reason for this is that the 
probability of a vector integrating next to both a cryptic splice acceptor site and 
a cryptic poly (A) signal is substantially less than the probability of the vector 
integrating next to a single cryptic site. Thus, these vectors provide a higher 
degree of specificity for trapping genes than previous vectors. 

It will also be recognized by one of ordinary skill in view of the teachings 
contained herein that vectors containing positive and negative selectable markers 
can be used to produce protein from the activated endogenous gene. One vector 
configuration capable of directing protein production consists of the splice donor 
site positioned in the 5' UTR of the negative selectable marker. Upon splicing, 
a chimeric transcript containing. the 5' UTR from the negative selectable marker 
linked to the second exon of an endogenous gene is produced. This vector is 
capable of activating protein production from genes that encode a translation start 
codon in the second or subsequent exon. Likewise, the splice donor site can be 
placed in the open reading frame of the negative selectable marker, in a position 
that does not interfere with the function of the marker unless splicing has 
occurred. Similar vectors containing the splice donor site positioned in different 
reading frames relative to the translation start codon can also be used. Upon 
splicing to an endogenous gene, these vectors will produce a chimeric transcript 
containing a start codon from the negative selectable marker fused to exon II of 
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the activated endogenous gene. Thus, these vectors will be capable of activating 
protein expression from genes that encode a translation start codon in exon I. 
Additional positive/negative selection vector designs capable of efficiently 
producing protein from activated endogenous genes are described below. 

Any of the vectors of the invention can contain an internal ribosome entry 
site (ires) 3 ' of the downstream selectable marker. The ires allows translation of 
the endogenous gene upon vector integration into an endogenous gene. 
Optionally, a translation start codon may be included between the selectable 
marker and the ires sequence. When a start codon is present, additional codons 
may be present on the exon. The start codon, and if present additional codons, 
may be present in any, and collectively all, reading frames relative to the splice 
donor site. Furthermore, the codons downstream of the translation start codon, 
if present, may encode, for example, a signal secretion signal, a partial signal 
sequence, a protein (including a full-length protein, a portion of a protein, a 
protein motif, an epitope tag, etc.),. or a spacer region. 

In additional preferred embodiments, any of the vectors described herein 
may contain, upstream of the selectable marker(s), a second transcriptional 
regulatory sequence (most preferably a promoter) operably linked to a exonic 
region, followed by an unpaired splice donor site. This upstream exon is 
particularly useful for expressing protein from activated endogenous genes. The 
exon may lack a translation start codon. Alternatively, the exon may contain a 
translation start codon. When a start codon is present, additional codons may be 
present on the exon. The start codon, and if present additional codons, may be 
present in any, and collectively all, reading frames relative to the splice donor site. 
Furthermore, the codons downstream of the translation start codon, if present, 
may encode, for example, a signal secretion sequence, a partial signal sequence, 
a protein (including a full-length protein, a portion of a protein, a protein motif, 
an epitope tag, etc.), or a spacer region. 
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Activation Vectors Useful for Detecting Protein-protein Interactions 

Genetic approaches for detecting protein-protein interactions have previously been 
described (see, e.g., U.S. Patent Nos. 5,283,173; 5,468,614; and 5,667,973, the 
disclosures of which are fully incorporated herein by reference). This approach 
relies on cloning a first cDNA molecule next to, and in frame with, a gene 
fragment encoding a DNA binding domain; and cloning a second cDNA molecule 
next to, and in frame with, a gene fragment encoding a transcription 
transactivation domain. Each chimeric gene is expressed from a promoter region 
located upstream of the chimeric gene. To detect expression, both chimeric genes 
are transfected into a reporter cell. If the first chimeric protein interacts with the 
second chimeric protein (via the proteins encoded by the cloned cDNA's fused to 
the DNA binding and transcription activation domains), then the DNA binding 
domain and the transcription activation domain will be joined within a single 
protein complex. As a result, the protein-protein interaction complex can bind to 
the regulatory region of the reporter gene and activate its expression. 

A limitation of (his previous approach is that it is only capable of detecting 
protein-protein interactions between genes that have been cloned as cDNA. As 
described herein, many genes are expressed at very low levels, in rare cell types, 
or during short developmental windows; and therefore, these genes are typically 
absent from cDNA libraries. Furthermore, many genes are too large to be isolated 
efficiently as full-length clones, thereby making it difficult to use these previous 
approaches. 

The present invention is capable of activating protein expression from 
endogenous genes or from transfected genomic DNA. Unlike previous 
approaches, virtually any gene can be efficiently expressed,Vegardless of its 
normal expression pattern. Furthermore, since the present invention is also 
capable of modifying the protein expressed from the endogenous gene (or from 
the transfected genomic DNA), it is also possible to produce chimeric proteins for 
use in protein-protein interaction assays. 
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To detect protein-protein interactions by the present invention, two 
vectors are used. The first vector, generally referred to as BD/SD (binding 
domain/splice donor), contains a promoter operably linked to a polynucleotide 
encoding a DNA binding domain and an unpaired splice donor site. The second 
vector, generally referred to as AD/SD (activation domain/splice donor), contains 
a promoter operably linked to a polynucleotide encoding a transcription activation 
domain and an unpaired splice donor site. To accommodate genes that have 
different reading frames, the binding domain and activation domain can be 
encoded in each of the three possible reading frames relative to the unpaired splice 
donor site. In addition, BD/SD and AD/SD vectors can have other functional 
elements, as described herein for other vectors, including selectable markers and 
amplifiable markers. The.vectors may also contain selectable markers oriented in 
a configuration that permits selection for cells in which the vector has activated 
a gene. Multi-promoter/activation exon vectors are also useful. Several examples 
of BD/SD and AD/SD vectors are illustrated in Figure 25 . An example illustrating 
detection of a protein-protein interaction using these vectors is depicted in 
Figure 26. 

The DNA binding domain of the BD/SD vector may encode any protein 
domain capable of binding to a specific nucleotide sequence. When a transcription 
activation protein is used to supply the DNA binding domain, the transcription 
activation domain is omitted from the BD/SD vector. Examples of genes 
encoding proteins with DNA binding domains include, but are not limited to, the 
yeast GAM gene, the yeast GCN4 gene, and the yeast ADR1 gene. Other genes 
from prokaryotic and eukaryotic sources may also be used to supply DNA binding 
domains. 

The transcription activation domain of the AD/SD vector encodes a 
protein domain capable of enhancing transcription of a reporter gene when 
positioned near the promoter region of the reporter gene. When a transcription 
activation protein is used to supply the transcription activation domain, the DNA 
binding domain is omitted from the AD/SD vector. Examples of genes encoding 
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proteins with transcription activation domains include, but are not limited to the 
yeast GAM gene, the yeast GCN4 gene, and the yeast ADR1 gene. Other genes 
from prokaryotic and eukaryotic sources may also be used to supply transcription 
activation domains. 

In thepresent invention, protein-protein interactions are detected using the 
BD/SD and AD/SD vectors, described above, to activate expression of genes 
located in stretches of genomic DNA. 

In one embodiment, the BD/SD vector is integrated randomly into the 
genomeofareportercellline. As with other vectors described herein, theBD/SD 
vectors are capable of activating protein expression from genes located 
downstream of the vector integration site. Since the activation exon on the 
BD/SD vector encodes a DNA binding domain, the activated endogenous protein 
will be produced as a fusion protein containing the DNA binding domain at its N- 
terminus. Thus, by integrating the BD/SD vector into the genome of a host cell, 
a library of fusion proteins can be created, wherein each protein will contain a 
DNA binding domain at its N-terminus. 

It is also recognized that the AD/SD vector can be integrated into the 
genome of a reporter cell line to produce a library of cells, wherein each member 
of the library is expressed as a different endogenous gene fused to a transcription 
activation domain. 

Once created, the BD/SD library may be transfected with a vector 
expressing a specific gene (referred to below as gene X) fused to a transcription 
activation domain. This allows virtually any gene encoded in the genome to be 
tested for an interaction to gene X. Likewise, the AD/SD library may be 
transfected with a vector expressing a specific gene (e.g. gene X) fused to a DNA 
binding domain. This allows virtually any gene encoded in the genome to be 
tested for an interaction to gene X. It is also recognized that the specific gene 
may be stably expressed in the host cell prior to constriction of the BD/SD or 
AD/SD libraries. 
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In an alternative embodiment, genomic DNA is cloned into the BD/SD 
and/or AD/SD vector(s) downstream of the DNA binding domain and activation 
domain, respectively. If a gene is present and correctly oriented in the genomic 
DNA, then the BD/SD vector (or the AD/SD vector) will be capable of expressing 
the gene as a fusion protein useful for detecting protein-protein interactions. Like 
integration of BD/SD (or AD/SD) vectors in situ, any gene can be tested 
regardless of whether it has been previously isolated as a cDNA molecule. 

In another embodiment, a second library is created in the cells of the first 
library. For example, the AD/SD vector can be integrated into cells icomprising 
the BD/SD library. Conversely, the BD/SD vector can be integrated into cells 
comprising the AD/SD library. This allows all proteins expressed as binding 
domain fusion proteins to be tested against all activation domain fusion protein. 
Since the present invention is capable of expressing substantially all of the proteins 
(as fusions with the binding and activation domains) in a eukaryotic organism, this 
approach, for the first time, allows all combinations of protein-protein interactions 
to be tested in a single library. To survey all protein-protein interactions in an 
organism, the library within a library must be substantially comprehensive. For 
example, to detect -50% of protein-protein interactions in an organism containing 
1 00,000 genes, the first library must contain at least 1 00,000 cells, each expressing 
an activated gene. Within each clone of the first library, the second vector would 
then be used to create a library of at least 100,000 clones, each containing an 
activated gene. Thus, the total library would contain 100,000 clones x 100,000 
clones, or 10 10 total clones. This assumes all genes are activated at equal 
frequencies, and that each gene activation event results in production of a fusion 
protein in frame with the activated endogenous gene. To produce libraries with 
greater than 50% coverage of protein-protein interactions, and/or to ensure that 
proteins that are activated at lower frequencies are represented, larger libraries can 
be created. 

It is also recognized that library vs. library screens can be created in several 
ways. First, both libraries are produced, simultaneously or sequentially, by 
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integrating BD/SD and AD/SD vectors into the genome of the same reporter cells. 
Second, a first library is created by integrating a BD/SD vector into the genome 
of a reporter cell, and a second library is produced by transfecting the AD/SD 
vector containing cloned genomic DNA. It is recognized that in this approach, the 
AD/SD library may be created first, followed by introduction of a BD/SD vector 
containing cloned genomic DNA. It is also recognized that the first library can be 
created by transfecting the BD/SD vector (or AD/SD vector) containing cloned 
genomic DNA, followed by integrating the second vector into the reporter cell 
genome. Third, both libraries are created, simultaneously or sequentially, by 
transfecting cells with a BD/SD and AD/SD vectors, wherein each vector contains 
a cloned fragment of genomic DNA. Fourth, it is recognized that when cloned 
genomic fragments are used in either the BD/SD vector or the AD/SD vector, a 
cDNA library may be created in the other vector and introduced into cells. This 
allows all of the genes present in the cDNA library to be tested for interaction with 
all other genes in the genome. 

Since library/library screens involve the creation of large libraries of cells, 
it is important to maximize the frequency of gene activation and in frame fusion 
protein production among the members of the library. This can be accomplished 
in at least two ways.' First, the BD/SD and AD/SD vectors can contain selectable 
markers in a configuration that "traps" genes. Examples of selection trap vectors 
are shown in Figures 8, 9, 10, 17, 19, 21, and 25. These vectors select for cells 
in which the activation vector has transcriptionally activated a gene. Second, 
multiple promoter/activation exon units can be included on the BD/SD and 
AD/SD vectors. Each promoter/activation exon unit encodes the binding domain 
(or activation domain) in a different reading frame relative to the unpaired splice 
donor site. An example of a multi-promoter/exon vector is illustrated in figure 23. 
This type of vector ensures that any gene activated at the transcription level will 
be produced as an in frame fusion protein from on of the promoter/activation exon 
units on the vector. Third, the vectors can be introduced into the reporter cells 
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using efficient transfection procedures. In this respect, insertion of BD/SD and 
AD/SD vectors by retroviral integration is advantageous. 

Reporter cells useful in the present invention include any cell that is 
capable of properly splicing the transcripts produced by the BD/SD and AD/SD 
vectors. The reporter cells contain a reporter gene that is expressed at higher 
levels in the presence of a protein-protein interaction between proteins expressed 
from BD/SD and AD/SD vectors. The reporter gene may be a selectable marker, 
such as any of the markers describedherein. Alternatively, the reporter gene may 
be a screenable marker. Examples of useful selectable markers and screenable 
markers are described herein. 

In the reporter cells, a minimal promoter is operably linked to the reporter 
gene. To allow increased expression of the reporter gene in the presence of a 
protein-protein interaction, a DNA binding site is positioned in or near the minimal 
promoter, such that the DNA binding site is recognized by the protein encoded by 
the DNA binding domain region of. the BD/SD vector. In the absence of a 
protein-protein interaction, the DNA binding domain fusion protein produced 
from BD/SD lacks a transcription activation domain, and therefore, can not 
activate transcription from the minimal promoter of the reporter gene. If, 
however, the DNA binding domain fusion protein produced fronvBD/SD interacts 
with the activation domain fusion protein produced from the AD/SD vector, then 
the protein complex can activate expression of the reporter gene. Increased 
reporter gene expression can be detected using an assay for the screenable marker, 
or using drug selection for a selectable marker. 

It is also recognized that other reporter systems can be used in conjunction 
with the present invention to detect protein-protein interactions. Specifically, any 
protein that contains two separable domains, each required to be in close 
proximity with the other to produce a biochemical or structural activity, can be 
used in conjunction with the present invention. 
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Multi-Promoter/Activation Exon Vectors 

In applications of nontargeted gene activation in which the goal is to 
activate protein expression from an unknown gene, a collection of vectors 
typicallymustbeused. Thus, in an additional embodiment, the invention provides 
vectors containing one or more promoter/activation exon units (see Figures 20A- 
20E). 

To accommodate the variety of gene structures that exist in the genomes 
of eukaryotic cells, vectors according to this aspect of the invention preferably 
contain a transcriptional regulatory sequence (e.g., a promoter) operably linked 
to an activation exon with a different structure. Collectively, these activation 
exons are capable of activating protein expression from substantially all 
endogenous genes. For example, to activate protein expression from genes that 
encode a translation start codon in exon II (or exons downstream of exon II), one 
vector can contain a transcriptional regulatory sequence {e.g., a promoter) 
operably l.nked to an activation exon lacking a translation start codon. To 
activate protein expression from all types of genes that encode a translation start 
codon in exon I, three separate vectors must be used, each containing a 
transcriptional regulatory sequence (e.g., a promoter) operably linked to a 
different activation exon. Each activation exon encodes a start codon m a 
differentreadingframe. Add^ 

For example, to activate protein expression and secretion from genes that encode 
aportionoftheir signal secretion sequenceinexonl, three separate vectors must 
be used each containing a transcriptional regulatory sequence (e.g. , a promoter) 
operably linked to a different activation exon. Each activation exon encodes a 

^^^^^^^^^^^"^ 

and secretion from genes that encode their entire signal sequence in exon I, three 
vectorsmustbeused.eachcontaimngatranscrtptional regulatory sequence (,,. , 
a promoter) operably linked to a different actuation exon. Each activation exon 
contains an entire s.gnal secretion sequence in a different reading frame. In 
addition to activating expression of acnes .ha. encode secreted protons. 
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promoter/activation exons encoding entire signal sequences will also activate 
expression and secretion of proteins that are not normally secreted. This, for 
example, can facilitate protein purification of proteins that are normally 
intracellularly localized. 

Other useful coding sequences can be included on the activation exon of 
vectors according to this aspect of the invention, including but not limited to 
sequences encoding proteins (including full length proteins, portions of proteins, 
protein motifs, and/or epitope tags). As described herein, vectors according to 
this aspect of the invention can be integrated, individually or collectively, into the 
genome of a host cell to produce a library of cells. Each member of the library 
will potentially overexpress a different endogenous protein. Thus, these 
collections of vectors make it possible to activate all or substantially all of the 
endogenous genes in a eukaryotic host cell. 

When integrating a collection of vectors into host cells, as described 
above, activation of protein expression can be achieved from substantially any 
gene. Unfortunately, to produce protein from all endogenous genes, a large 
number of library members must be generated. In part, this is due to the large 
number of genes encoded by the host cell. In addition, using this approach, many 
cells will contain a vector integrated into or near an endogenous gene; however, 
the integrated vector will contain an activation exon with a structure that is 
incompatible with activating protein expression from the endogenous gene. For 
example, the vector exon may encode a start codon in reading frame 1 (relative 
to the splice junction), whereas the protein encoded by the first exon downstream 
of the integrated vector may be in reading frame 2 (relative to the splice junction). 
Thus, many library members will contain an integrated vector that has activated 
transcription of an endogenous gene, but that failed to produce the protein 
encoded by the endogenous gene. 

To decrease the number of cells that fail to activate protein expression 
following vector integration into or near an endogenous gene, a vector containing 
multiple promoter/activation exons can be used. On this vector, each 
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promoter/acti^^ 

an endogenous gene with a different structure. Since a single vector comprising 
multrple activation exons is capable of producing multiple transcripts each 
contairung a different activation exon, a single vector integrated into or near a 
gene can be enable of activating protein expression, regardless of the structure 
of the endogenous gene (see Figure 21). 

Multi-promoter/activation exon vectors can contain two or more 
promoter/activation exons. Each promoter/activation exon unit may be followed 
by an unpaired splice donor site. In one such embodiment two 
promoter/activation exons are included on the vector, wherein each 
promoter/activation exon is capable of activating protein expression from a 
duTerent type of endogenous gene. In a preferred embodiment, the vector may 
contain three promoter/activation exons, wherein each exon encodes a translation 
start codon in a different reading frame. In another preferred embodiment, the 
vector may contain three promoter/activation exons, wherein each exon encodes 
a partial signal secretion sequence in a different read.ng frame. In yet another 
preferred embodiment, the vector may contain three promoter/activation exons, 
wherein each exon encodes an entire signal secretion sequence in a different 
reading frame. Additional embodiments include each of the vectors above 
containing a fourth promoter/activation exon, wherein the fourth activation exon 
does not encode a translation start codon. 

Any number (e.g. , one or more, two or more, three or more, four or more, 
five or more, etc.) of promoter/activation exon units may be included on the 
vector. When multiple promoter/activation exons are present on a single vector, 
they are preferably oriented in the same direction relative to one another (i.e., the 
promoters drive expression in the same direction). 

The promoters that drive transcription of different activation exons may 
be the same as one another or one or more promoters may ke different. The 
promoters may be viral, cellular, or synthetic. The promoters may be constitutive 
or inducible. Other types of promoters and regulatory sequences, recognizable to 
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one skilled in the art or as described herein, may also be used in preparing the 

vectors according to this aspect of the invention. 

Anyofthevectors containing multiple promoter/activation exon units may 

optionaUyincludeoneormoreselectablemarker(s)and/oramplifiablemarker(s). 

The selectable and/or amplifiable markers may contain a poly(A) signal. 

Alternatively, the markers may lack a poly(A) signal. The selectable marker may 

be a positive or negative selectable marker. The selectable marker may contain 

an unpaired splice donor site upstream, within, or downstream of the marker. 
Alternatively, the selectable marker may lack an unpaired splice donor site. The 
selectable marker(s) and/or amplifiable marker(s), when present, may be located 
upstream, among, or downstream of the promoter/activation exon units. The 
selectable and/or amplifiable marker(s) may be located on the vector in any 
orientation relative to the promoter/activation exon units. When the purpose of 
the selectable marker is to trap endogenous genes, the selectable marker is 
preferably oriented in the same direction as the promoter/activation exons. 

Amplifiable Markers 

Any of the vectors described herein may also optionally comprise one or 
more (e.g., two, three, four, five, or more) amplifiable markers. Examples of 
amplifiable markers include those described in detail hereinabove. Preferably, the 
amplifiable marker(s) are located upstream of the positive/negative selectable 
marker(s). When using polyadenylation trap vectors, it may be advantageous to 
omit a polyadenylation signal from the amplifiable marker(s) to eliminate the 
possibility of capturing a vector-encoded poly(A) signal derived from vector 
concatemerization prior to integration. 

When present, the amplifiable marker(s) may be located upstream of the 
activation transcriptional regulatory sequence (i.e. the promoter responsible for 
directing transcription from the vector through the endogenous gene). The 
amplifiablemarker(s)ma y be P resentonthevectorinanyorientation(i.e.theo P en 

reading frame may be present on either DNA strand). 
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It is also understood that the amplifiable marker(s) can also be the same 
gene as the positive selectable marker. Examples of genes that can be used both 
as positive selectable markers and amplifiable markers include dihydrofolate 
reductase, adenosine deaminase (ada), dihydro-orotase, glutamine synthase (GS), 
and carbamyl phosphate synthase (CAD). 

In some embodiments and for certain applications, it may be desirable to 
place multiple amplifiable markers on the vector. Use of more than one 
amplifiable marker allows dual selection, or alternatively sequential selection, for 
each amplifiable marker. This facilitates the isolation of cells that have amplified 
the vector and flanking genomic locus, including the gene of interest. 

Promoters 

It is understood that any promoter and regulatory element may be used on 
these activation vectors to drive expression of the selectable marker, amplifiable 
marker (if present), and/or the endogenous gene. In additional preferred 
embodiments, the promoter driving expression of the endogenous gene is a strong 
promoter. The CMV immediate early gene promoter, S V40 T antigen promoter, 
and P-actin promoter are examples of this type of promoter. In another preferred 
embodiment, an inducible promoter is used to drive expression of the endogenous 
genes. This allows endogenous proteins to be expressed in a more controlled 
fashion. The Tetracycline inducible promoter, heat shock promoter, ectdysone 
promoter, and metallothionein promoter are examples of this type of promoter. 
In yet another embodiment, a tissue specific promoter is used to drive expression 
of endogenous genes. Examples, of tissue specific promoters include, but are not 
limited to, immunoglobulin promoters, casein promoter, and growth hormone 
promoter. 

Restriction Sites 

The vectors of the invention can contain one or more restriction sites 
located downstream of the unpaired splice donor site in the vector. These 
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restriction sites can be used to linearize plasmid vectors prior to transfection. In 
the linear configuration, the activation vector contains, from 5 * to 3 ' relative to the 
transcribed strand, a promoter, a splice donor site, and a linearization site. 

A restriction site(s) may also be included in the vector intron to facilitate 
removal of vector intron-containing cDNA molecules. In this embodiment, the 
vector contains, from 5' to 3' relative to the transcribed strand, a promoter, a 
splice donor site, a restriction site, and a linearization site. By including a 
restriction site between the unpaired splice donor site and the linearization site, 
unspliced transcripts can be removed by digestion of cDNA with the appropriate 
restriction enzyme. cDNA molecules.derived from gene activation have removed 
the vector intron containing the restriction site, and therefore, will not be digested. 
This allows gene activated transcripts to be preferentially enriched during 
amplification/cloning, and greatly facilitates identification and analysis of 
endogenous genes. 

A restriction site(s) may also be included in the vector exon to facilitate 
cloning of activated genes. Following gene activation, mRNA is recovered from 
cells and synthesized into cDNA. By digesting the cDNA with a restriction 
enzyme that cuts in the vector exon,- gene activated cDNA molecules will contain 
an appropriate overhang at the 5' end for subsequent cloning into a suitable 
vector. This facilitates isolation of gene activated cDNA molecules. 

In one embodiment, the restriction site located in the vector exon is 
different than the restriction site(s) located in the vector intron. This facilitates 
removal of cDNA molecules that contain a vector intron since the digested cDNA 
fragments from vector intron containing transcripts can be designed to have an 
overhang that is incompatible with the cloning vector (see below). Alternatively, 
degenerate restriction sites recognized by the same enzyme may be located in the 
vector exon and intron. Enzymes that cleave these sites are capable of cleaving 
multiple sites, sites with an odd number of bases in the recognition sequence, sites 
with interrupted palindromes, nonpalindromic sequences, or sites conlaining one 
or more degenerate bases. In other words, restriction sites recognized by the same 
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restriction endonuclease may be used if the enzyme produces an overhang in the 
vector exon that is different from the overhang produced in the vector intron. 
Since different overhangs are produced, a cloning vector containing a site that is 
compatible with the vector exon overhang, and incompatible with the vector intron 
overhang may be used to preferentially clone vector exon containing and vector 
intron lacking cDNA molecules. Examples of useful degenerate restriction sites 
include DNA sequences recognized by Sfi I, Acci, Ail HI, Sapl, Pie I, Tsp45 I, 
ScrF I, Tse I, PpuM I, Rsr II, and SgrA L 

The restriction site(s) located in the vector intron and/or exon can be a rare 
restriction site (e.g. an 8 bp restriction site) or an ultra-rare site (e.g. a site 
recognized by intron encoded nucleases). Examples of restriction enzymes with 
8 bp recognitions sites include Afofl, Sfil, Pad, Ascl, Fsel, Pme\ Sgfl, Srfl y Sbjl, 
Sse 8387 1, and Sum). Examples of intron encoded restriction enzymes include 
UPpol, l-Scel, l-Ccu\, Pl-Vtyl, and PI -77/1 . Alternatively, restriction sites smaller 
than 8 bp can be placed on the vector. For example, restriction sites composed 
of 7 bp, 6 bp, 5 bp, or 4 bp can be used. In general, the use of smaller the 
restriction recognition sites will lead to the cloning of less than full-length genes. 
In some cases, such as creation of hybridization probes, isolation of smaller cDNA 
clones may be advantageous. 

Bidirectional Activation Vectors 

The activation vectors described herein can also be bidirectional. When 
a single activation transcriptional regulatory sequence is present on the vector, 
gene activation occurs only when the vector integrates into an appropriate location 
(e.g. upstream of the gene) and in the correct orientation. That is, in order to 
activate an endogenous gene, the promoter on the activation construct must face 
the endogenous gene allowing transcription of the coding strand. As a result of 
this directionality requirement, only half of the integration events into a locus may 
result in the transcriptional activation of an endogenous gene. The other half of 
integration events result in the vector transcribing away from a gene of interest. 
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Therefore, to increase the gene activation frequency by a factor of two, the 
present invention provides bidirectional vectors that may be used to activate an 
endogenous gene regardless of the orientation in which the vector integrates into 
the host cell genome. 

A bidirectional vector according to this aspect of the invention preferably 
comprises two transcriptional regulatory sequences (which may be any 
transcriptional regulatory sequences, including but not limited to the promoters, 
enhancers, and repressors described herein, and which preferably are promoters 
or enhancers, and most preferably promoters), two splice donor sites, and a 
linearization site. When a splice donor site is useful, each transcriptional 
regulatory sequence is opcrably linked to a separate splice donor site, and the 
transcriptional regulatory sequence/splice donor pairs may be in inverse 
orientation relative to each other {i.e., the first transcriptional regulatory sequence 
may be integrated into the host cell* genome in an orientation that is inverse 
relative to the orientation in which the second transcriptional regulatory sequence 
has integrated into (he host cell genome). The two opposing transcriptional 
regulatory sequence/splice donor sites can be separated by the linearization site. 
The function of the linearization site is. to produce free DNA ends between the 
transcriptional regulatory sequence/splice donor sites (i.e. in a location suitable for 
activation of endogenous genes). Examples of bidirectional vectors of the 
invention are shown in Fig. I1A-11C. 

The two opposing transcriptional regulatory sequences may be the same 
transcriptional regulatory sequences or different transcriptional regulatory 
sequences. Optionally, a translational start codon (e.g. ATG) and one or more 
additional codons may be included on either or both vector encoded exons. When 
a translational start codon is present, either or both vector exons may encode a 
protein, a portion of a protein, a signal secretion sequence, a portion of a signal 
secretion sequence, a protein motif, or an epitope tag. Alternatively, either or 
both vector exons may lack a translational start codon. 
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* The bidirectional vectors according to this aspect of the invention may 
optionally include one or more selectable markers and one or more amplifiable 
markers, including those selectable markers and amplifiable markers described in 
detail herein. The bidirectional vectors may also be configured as poly(A) trap, 
splice acceptor trap, or dual poIy(A)/splice acceptor trap vectors, as described 
above. Other vector configurations described for unidirectional vectors may also 
be incorporated into bidirectional vectors. 

Co-transfection of Genomic Dna With Non-targeted Activation Vectors 

It is recognized that any of the vectors described herein can be integrated 
into, or otherwise combined with, genomic DNA prior to transfection into a 
eukaryotic host cell. This permits high level expression from virtually any gene 
in the genome, regardless of the normal expression characteristics of the gene. 
Thus, the vectors of the invention can be used to activate expression from genes 
encoded by isolated genomic DNA fragments. To accomplish this, the vector is 
integrated into, or otherwise combined with, genomic DNA containing at least one 
gene, or portion of a gene. Typically, the activation vector must be positioned 
within or upstream of a gene in order to activate gene expression. Once inserted 
(or joined), the downstream gene may be expressed (as a transcript or a protein) 
by introducing the vector/genomic DNA into an appropriate eukaryotic host cell. 
Following introduction into the host cell, the vector encoded promoter drives 
expression through the gene encoded in the isolatedDNA and following splicing, 
produces a mature mRNA molecule. Using appropriate activation vectors, this 
process allows protein to be expressed from any gene encoded by the transfected 
genonucDNA.Inaddition,usingthemethodsdescribedherein,cDNAmolecules, 

corresponding to genes encoded by the transfected genomic DNA can be 

generated and isolated. 

To achieve stable expression of the activated gene, the transfected 
activation vector/genomic DNA can be integrated into the host cell genome. 
Alternatively, the transfected activation vector/genomic DNA can be maintained 


-104- 


a S astableepi S ome(e.g.usiagaviralorigmofreplicationand/ornuclearretentb 
function - see below). In yet another embodiment, the activated gene may be 
expressed transiently, for example, from a plasmid. 

As used herein, the term "genomic DNA" refers to the unspliced genetic 
material from a cell . Splicing refers to the process of removing introns from genes 
following transcription. Thus, genomic DNA, in contrast to mRNA and cDNA, 
contains exons.and introns inanunsplicedform. In the present invention, genomic 
DNA derived from eukaryotic cells is particularly useful since most eukaryotic 
genes contain exons and introns, and since many of the vectors of the present 
invention are designed to activate genes encoded in the genomic DNA by splicing 
to the first downstream exon, and removing intervening introns. 

Genomic DNA useful in the present invention may be isolated using any 
method known in the art. A number of methods for isolating high molecular 
weight genomic DNA and ultra-high molecular weigh, genomic DNA (intact and 
encased in agarose plugs) have been described (Sambrook et al„ Molecular 
Cloning, Cold Spring Harbor Laboratory Press, (1989)). In addition, comment 
kits for isolating genomic DNA of various sizes are also available (Gibco/BRL, 

Stratagene, Clontech, etc.). 

ThegenomicDNAusedintheinventionmayencompasstheentiregenome 

of an organism. Alternatively, the genomic DNA may include only a portion of 
the entire genome from an organism. For example, the genomic DNA may 
containmultiplechromosomes.asinglechromosome.aportipnofachromosome, 

a genetic locus, a single gene, or a portion of a gene. 

Genomic DNA useful in the invention may be substantially intact (t.e. 
unfragmented) prior to introduction into a host cell. Alternatively, the genomtc 
DNA may be fragmented prior to introduction into a host cell. This can be 
accomplishedby.forexample, mechanical shearing, nuclease treatment, chemtcal 

tream ent,i^^ 

is fragmented, the fragmentation condiUons may be adjusted to produce DNA 
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fragments of any desirable size. Typically, DNA fragments should be large 
enough to contain at least one gene, or a portion of a gene (e.g. at least one exon). 
The genomic DNA may be introduced directly into an appropriate eukaryotic host 
cell without prior cloning. Alternatively, the genomic DNA (or genomic DNA 
fragments) may be cloned into a vector prior to transfection. Useful vectors 
include, but are not limited to, high and intermediate copy number plasmids (e.g. 
pUC, pBluescript, pACYC184, pBR322, etc.), cosmids, bacterial artificial 
chromosomes (BAC's), yeast artificial chromosomes (YAC's), PI artificial 
chromosomes (P AC s), and phage(e.g. lambda, M13, etc.). Other cloning vectors 
known in the art may also be used. When genomic DNA has been cloned into a 
cloning vector, specific cloned DNA fragments may be isolated and used in the 
present invention. For example, YAC, BAC, PAC, or cosmid libraries can be 
screened by hybridization to identify clones that map to specific chromosomal 
regions. Optionally, once isolated, these clones can be ordered to produce a 
contig through the chromosomal region of interest. To rapidly isolate cDNA 
copies of the genes present in this contig, these genomic clones may be 
transfected, separately or en masse, with the activation vector into a host cell. 
cDNA containing a vector encoded exon, and lacking a vector encoded intron, can 
then be isolated and analyzed. Thus, since all genes present in a contig can be 
rapidly isolated as cDNA clones, this approach greatly enhances the speed of 
positional cloning approaches. 

Any activation vector described herein, including derivatives recognized 
by those skilled in the art, may be co-transfected with genomic DNA, and 
therefore, are useful in the present invention. In its simplest form, the vector can 
contain a promoter operably linked to an exon followed by an unpaired splice 
donor site. Examples of other useful vectors include, but are not limited to, poly 
A trap vectors (e.g. vectors illustrated in Figures 8, 9, 1 IC, 12F, and 17), dual 
poly (A)/Splice acceptor trap vectors (e.g. vectors illustrated in Figures 9, 10, 
12G, 19, and 21), bi-directional vectors (e.g. vectors illustrated in Figure 11), 
single exon trap vectors (e.g. the vector illustrated in Figure 19), multi- 
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promoter/activation exon vectors (e.g. the vector illustrated in Figure 23), vectors 
for isolating cDNA's corresponding to activated genes, and vectors for activating 
protein expression from activated genes (e.g. vectors illustrated in Figures 2, 3, 
4, 8B-F, 9B-C, 9E-F, 10B-C, 10E-F, 11, 12, 17B-G, and 23). 

The activation vector may also contain a viral origin of replication. The 
presence of a viral origin of replication allows vectors containing genomic 
fragments to be propagated as an episome in the host cell. Examples of useful 
viral origins of replication include ori P (Epstein Barr Virus), S V40 ori, BPV ori, 
and vaccinia ori. To facilitate replication from these origins, the appropriate viral 
replication proteins may be expressed from the vector. For example, EB V ori P 
and SV40 ori containing vectors may also encode and express EBNA-1 or T 
antigen, respectively. Alternatively, the vectors may be introduced into cells that 
are already expressing the viral replication protein (e.g. EBNA-1 or T antigen). 
Examples of cells expressing EBNA-1 and T antigen include human 293 cells 
transfected with an EBNA-1 expression unit (Clontech) and COS-7 cells 
(American Type Culture Collection; ATCC No. CRL-1651), respectively. 

The activation vector may also contain an amplifiable marker. This enables 
cells containing increased copies of the vector and flanking genomic DNA, either 
episomal or integrated in the host cell genome, to be isolated. Cells containing 
increased copies of the vector and flanking genomic DNA express the activated 
gene at higher levels, facilitating gene isolation and protein production. 

The activation vector and genomic DNA may be introduced into any host 
cell capable of splicing from the vector-encoded splice donor site to a splice 
acceptor site encoded by (he genomic DNA. In a preferred embodiment, the 
genomic DNA/activation vector are transfected into a host cell from the same 
species as the cell from which the genomic DNA was isolated In some instances, 
however, it is ndvnntiieotuiN to liiinsUvl the ryuouur DNA mlo a ho:;! rrll hom 
a species that is different from the cell from which the genomic DNA was isolated. 
For example, transection of genomic DNAfrom one species into a host cell of a 
second species can facilitate analysis of the genes activated in the transfected 
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genomic DNA using hybridization techniques. Under high stringency 
hybridization, activated genes that were encoded by the transfected DNA can be 
distinguished from genes derived from the host cell Transection of genomic 
DNA from one species into a host cell from another species can also be used to 
produce protein in a heterologous cell. This may allow protein to be produced in 
heterologous cells that provide growth, protein modification, or manufacturing 
advantages. 

The activation vector may be co-transfected into a host cell along with 
genomic DNA, wherein the vector is not attached to the genomic DNA prior to 
introduction into the cell. In this embodiment, the genomic DNA will become 
fragmented during the transfection process, thereby creating free DNA ends. 
These DNA ends can become joined to the co-transfected activation vector by the 
cell's DNA repair machinery. Following joining to the activation vector, the 
genomic DNA and activation vector can be integrated into the host cell genome 
by the process of non-homologous recombination. If, during this process, a vector 
becomes joined to a gene encoded by the transfected genomic DNA, the vector 
will activate its expression. 

Alternatively, the non-targeted activation vector may be physically linked 
to the genomic DNA prior to transfection. In a preferred embodiment, genomic 
DNA fragments are ligated to the vector prior to transfection. This is 
advantageous because it maximizes the probability of the vector becoming 
operably linked to a gene encoded by the genomic DNA, and minimizes the 
probability of the vector integrating into the host cell genome without the 
heterologous genomic DNA. 

In a related embodiment,, the genomic DNA may be cloned into the 
activation vector, downstream of the activation exon. In this embodiment, cloning 
of large genomic fragments can be facilitated in vectors capable of accommodating 
large genomic fragments. Thus, the activation vector may be constructed in 
BACs, YAC's, PAC's, cosmids, or similar vectors capable of propagating large 
fragments of genomic DNA. 
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Another method for joining the activation vector to genomic DNA 
involves transposition. In this embodiment, the activation vector is integrated into 
the genomic DNA by transposition or retroviral integration reactions prior to 
transfection into a cell. Accordingly, activation vectors can contain cis sequences 
necessary for facilitating transposition and/or retroviral integration. Examples of 
vectors containing transposon signals are illustrated in figure 27; however, it is 
recognized that any vector described herein may contain transposon signals. 

Any transposition system capable of inserting foreign sequences into 
genomic DNA can be used in the present invention. In addition, transposons 
capable of facilitating inversions and deletions can also be used to practice the 
invention. While deletion and inversion systems do not integrate the activation 
vector into genomic DNA, they do allow the activation vector to change positions 
relative to cloned genomic DNA when the genomic DNA has been cloned into the 
activation vector. Thus, multiple genes within a given genomic fragment can be 
activated by shuffling the activation vector (by integration, inversion, or deletion) 
into multiple positions within, or outside of, the genomic fragment. Examples of 
transposition systems useful for the present invention include, but are not limited 
to 6y, Tn 3, Tn5, Tn7,Tn9, TnlO, Ty, retroviral integration and retro-transposons 
(Berg et al., Mobile DNA, ASM Press, Washington DC, pp. 879-925 (1989); 
Strathman et al., Proc. Nail. AcadSci. USA 55:1247 (1991); Berg et al., Gem 
113.9 (1992); Liu et al., Nucl. Acids Res. 15:9461 (1987), Martin et al., Proc. 
Natl. AcadSci. USA 92:8398 (1995); Phadnis et al., Proc. Nad. AcadSci. USA 
56:5908(1989); Tomcsanyietal.,/5ac/mo/. 772:6348(1990); Wayetal.,Ge«e 
32:369 (1984); Bainton et al., Cell 65:805 (1991); Ahmed et al., J. Mol. Biol. 
775:941 (1984); Benjamin et al., Cell 59:373 (1989); Brown et al., Cell 49:341 
(1987); Eichinger et al., Cell 5*955 (1988); Eichinger et al., Genes Dev. 4:324 
(l990);Braitermanetal.,M O /.Ce^^^ 

CellBiol. 14:513\ (1994); York etzl, Nucl. Acids Res. 26: 1927(1 998); Devine 
e tsA., Nucl. Acids Res. 75:3765 (1994);Goryshinetal.,.7. Biol. Chem. 273:1361 
(1998). 
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Using transposition, an activation vector may be integrated into any form 
of genomic DNA. For example, the activation vector may be integrated into either 
intact or fragmented genomic DNA. Alternatively, the activation vector may be 
integrated into a cloned fragment of genomic DNA (Figure 28). In this 
embodiment, the genomic DNA may reside in any cloning vector, including high 
and intermediate copy number plasmids (e.g. pUC, pBluescript, pACYC184, 
pBR322, etc.), cosmids, bacterial artificial chromosomes (B AC's), yeast artificial 
chromosomes (YAC's), PI artificial chromosomes (PAC's), and phage (e.g. 
lambda, Ml 3, etc.). Other cloning vectors known in the art may also be used. As 
described above, genomic fragments from specific genetic loci may be isolated an 
used as a substrate for activation vector integration. 

Following integration of the activation vector, the genomic DNA may be 
introduced directly into a suitable host cell for expression of the activated gene. 
Alternatively, the genomic DNA may be introduced into and propagated in an 
intermediate host cell. For example, following integration of an activation vector 
into a B AC genomic library, the B AC library can be transformed into E. coli. This 
allows plasmids containing the transposon to be enriched by selecting for an 
antibiotic resistance marker residing on the activation vector. As a result, B AC 
plasmids lacking an integrated activation vector will be removed by antibiotic 
selection. 

The transposition mediated activation vector integration may occur in vitro 
using purified enzymes. Alternatively, the transposition reaction may occur 
in vivo. For example, transposition may be carried out in bacteria, using a donor 
strain carrying the transposon either on a vector or as integrated copies in the 
genome. A target of interest is introduced into the transposer host where it 
receives integrations. Targets bearing insertions are then recovered from the host 
by genetic selection. Similarly, eukaryotic host cells, such as yeast, plant, insect, 
or mammalian cells, can be used to carry out the transposon mediated integration 
of an activation vector into a fragment of genomic DNA. 
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Isolation of mRNA and cDNA Produced from Activated Endogenous Genes 
Inadditional embodiments, the present invention is directed to methodsfor 
isolating genes, particularly genes contained within the genome of a eukaryotic 
cell, that are activated using the vectors of the invention. These methods exploit 
the structure of the mRNA molecules produced using the non-targeted gene 
activation vectorsofthe invention. The methods ofthe invention described herein 
allow virtually any activated gene to be isolated, regardless of whether it has been 
previously isolated and characterized, and regardless of whether it has a known 
biological activity. This is made possible by the nature of the chimeric transcripts 
produced from the integrated vectors of of the present invention. Using methods 
described herein, activation vectors can be integrated into the genome of a cell. 
Typically, the activation vectors, however, are integrated into the genome of many 
cells to produce a library of unique, integration events. Each member ofthe library 
contains the vector located at a unique integration S iic( S ), and potentially contains 
an activated endogenous gene. Gene activation occurs when the activation vector 
integrates upstream of the S'-most exon of an endogenous gene and in an 
orientation capable of allowing transcriber from the vector to proceed through 
the endogenous gene. The integration site may be in an intron or exon ofthe 
endogenous gene, or may be upstream ofthe transcription start srte of the gene. 
Following integration, the activation constructs are designed to produce a 
transcriptcapableofsplicingfromanexon encoded by the activation vector to an 
exon encoded by the endogenous gene. As a result, a chimeric message » 
produced that contains the vector exon linked to the exons from an endogenous 
gene wherein the endogenous exons are derived from the region located 
downstreamofthevector^ 

can be exploited for gene discovery purposes. For example, the dumenc 
transcriptscanberapidlyiso^^ 

or genomic copy ofthe gene or to characterize the gene) or for direct sequencng 
and/or characterization. 
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To isolate the chimeric transcripts activated by vector insertion, cDNA is 
produced from a library member containing the activation event. It is also possible 
to isolate chimeric transcripts from pools of library members in order to increase 
the through-put of the procedure. cDNA can then be produced from the mRNA 
harvested from the activated cells. Alternatively, total RNA may be used to 
produce cDNA. In either case, first strand synthesis can be carried out using an 
oligo dT primer, an oligo dT/poly(A) signal primer, or a random primer. To 
facilitate cloning of the cDNA product, a poly dT based primer can be used with 
the structure: S'-Primer X(dT) 1 _ I00 -3\ The oligo dT/poly(A) signal primer can 
have the structure 5'-(dT) 10 _ 30 -Primer X-N 0 _ 6 -TTTATT -3 \ The random primer 
can have the structure: 5 '-(Primer X)NNNNNN -3 \ In each primer, Primer X is 
any sequence that can be used to subsequently PCR amplify target nucleic acid 
molecules. Where the activated gene amplification product is to be cloned, it is 
useful to include one or more restriction sites within the primer X sequence to 
facilitate subsequent cloning. Other primers recognized by those skilled in the art 
can be used to create first strand cDNA products, including primers that lack a 
Primer X region! 

In accordance with the invention, the primers may be conjugated with one 
or more hapten molecules to facilitate subsequent isolation of nucleic acid 
molecules (e.g., first and/or second strand cDNA products) comprising such 
primers. After the primer becomes associated with the nucleic acid molecule (via 
incorporation during cDNA synthesis), selective isolation of the molecule 
containing the haptenylated primer may be accomplished using a corresponding 
ligand which specifically interacts with and binds to the hapten via ligand-hapten 
interactions. In preferred such aspects, the ligand may be bound to, for example, 
a solid support. Once bound to the solid support, the molecules of interest 
(haptenylated primer-containing nucleic acid molecules) can be separated from 
contaminating nucleic acids and other materials by washing the support matrix 
with a solution, preferably a buffer or water. Cleavage of one or more of the 
cleavage sites within the primer, or by treatment of the solid support containing 
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the nucleic acid molecule with a high ionic strength elution buffer, then allows for 
removal of the nucleic acid molecule of interest from the solid support. 

Preferred solid supports for use in this aspect of the invention include, but 
are not limited to, nitrocellulose, diazocellulose, glass, polystyrene, 
polyvinylchloride, polypropylene, polyethylene, dextran, Sepharose, agar, starch, 
nylon, latex beads, magnetic beads, paramagnetic beads, superparamagnetic beads 
or microtitre plates and most preferably a magnetic bead, a paramagnetic bead or 
a superparamagnetic bead, that comprises one or more iigand molecules 
specifically recognizing and binding to the hapten molecule on the primer. 

Particularly preferred hapten molecules for use on the primer molecules of 
the invention, include without limitation: (i) biotin; (ii) an antibody; (iii) an 
enzyme; (iv) lipopolysaccharide; (v) apotransferrin; (vi) fcrrotransfcrrin; (vii) 
insulin; (viii) cytokines (growth factors, interleukins or colony-stimulating factors); 
(ix) gpl20; (x) P-actin; (xi) LFA-1; (xii) Mac-1; (xiii) glycophorin; (xiv) laminin; 
(xv) collagen; (xvi) fibronectin; (xvii) vitronectin; (xviii) intcgrins a v p, and a v p 3 ; 
(xix) integrins a 3 P„ a 4 p„ a 4 p 7 , a$ u <x v p b a nb p 3 , a v P 3 and c^; (xx) integrins 
a iPi> a 2pi, « 3 Pi and a v p 3 ; (xxi) integrins c^p,, a 2 P h a 3 P„ a 6 p 1; a 7 p, and a 6 p 5 ; 
(xxii) ankyrin; (xxiii) C3bi, fibrinogen or Factor X; (xxiv) ICAM-1 or 1CAM-2; 
(xxv) spectrin or fodrin; (xxvi) CD4; (xxvii) a cytokine (e.g., growth factor, 
interleukin or colony-stimulating factor) receptor; (xxviii) an insulin receptor; 
(xxix) a transferrin receptor; (xxx) Fe +++ ; (xxxi) polymyxin B or endotoxin- 
neutralizing protein (ENP); (xxxii) an enzyme-specific substrate; (xxxiii) protein 
A, protein G, a cell-surface Fc receptor or an antibody-specific antigen; and 
(xxxiv) avidin and streptavidin; Particularly preferred is biotin. 

Particularly preferred ligand molecules according to this aspect of the 
invention, which correspond in order to the above-described hapten molecules, 
include without limitation: (i) avidin and streptavidin; (ii) protein A, protein G, a 
cell-surface Fc receptor or an antibody- specific antigen; (iti) an enzyme-specific 
substrate; (iv) polymyxin B or endotoxin-neutralizing protein (ENP); (v) Fe +++ ; 
(vi)a transferrin receptor; (vii) an insulin receptor; (viii) a cytokine growth 
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factor, interleukin or colony-stimulating factor) receptor; (ix) CD4; (x) spectrin 
or fodrin; (xi) ICAM-1 or ICAM-2; (xii) C3bi, fibrinogen or Factor X; (xiii) 
ankyrin; (xiv) integrins a,p„ c^p,, a 3 p„ ctjp,, c^p, and a 6 p 5 ; (xv) integrins a.p,, 
aA) u a 3 p, and a v P 3 ; (xvi) integrins a 3 p„ a<p„ a<p 7 , cCjP,, aJi, 0^3^ 
a^; (xvii) integrins a v P, and c^; (xviii) vitronectin; (xix) fibronectin; (xx) 
collagen; (xxi) laminin; (xxii) glycophorin; (xxiii) Mac-1; (xxiv) LFA-1; (xxv) p- 
actin; (xxvi) gpl20; (xxvii) cytokines (growth factors, interleukins or colony- 
stimulating factors); (xxviii) insulin; (xxix) ferrotransferrin; (xxx) apotransferrin; 
(xxxi) lipopolysaccharide; (xxxii) an enzyme; (xxxiii) an antibody; and (xxxiv) 
biotin. Particularly preferred, for use with biotinylated primers of the invention, 
are avidin and streptavidin. 

Following first strand synthesis, second strand cDNA synthesis may be 
carried out using a primer specific for the vector encoded exon. This creates 
double stranded cDNA from all transcripts that were derived from the vector 
encoded promoter. All cellular mRNA (and cDNA) produced from endogenous 
promoters remains single stranded since the transcript lacks a vector exon at it 5' 
end. Once second strand synthesis is carried out, the cDNA may be digested with 
a restriction enzyme, cloned into a vector, and propagated. 

To facilitate cloning, cDNA molecules containing the vector exon are 
amplified by PCRusing a primer specific for the vector exon and a primer specific 
for the first strand cDNA primer (e.g. Primer X). PCR amplification results in the 
production of variable length DNA fragments representing different locations of 
priming during first strand synthesis and/or amplification of multiple chimeric 
transcripts from different genes. These amplification products can be cloned into 
plasmids for characterization, or can be labeled and used as a probe. 

Other amplification techniques, such as linear amplification using RNA 
polymerase (Van Gelder, Proc. Natl. Acad. Sci. USA 57:1663-1667 (1990); 
Eberwine, Methods 70:283-288 (1996)), can be used. For example, when linear 
amplification by PJNA polymerase is used, a promoter (e.g. T7 promoter) can be 
placed on the vector exon. As a result, gene activated transcripts will contain the 
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promoter sequence at the 5' end of the transcript. Alternatively, a promoter can 
be ligated onto the cDNA molecule following first strand and second strand 
synthesis. Using either strategy, RNA polymerase is then incubated with cDNA 
in the presence of ribonucleotide triphosphates to create RNA transcripts from the 
cDNA. These transcripts are then reverse transcribed to produce cDNA. Since 
RNA polymerase can create several thousand transcripts from a single cDNA 
molecule, and since each of these transcripts can be reverse transcribed into 
cDNA, a large amplification can be achieved. As with PCR, amplification with 
RNA polymerase can facilitate cloning of activated genes. Other types of 
amplification strategies are also possible. 

In another embodiment, the vector exon containing cDNA molecules are 
isolated without amplification. This may be useful in instances where biases occur 
during amplification (for example, when one DNA fragment amplifies more 
efficiently than another). To produce cDNA enriched for tagged messages, RNA 
is isolated from the activation library. A primer (e.g. a random hexamer, 
oligo(dT), or hybrid primers containing a primer linked to poly(dT) or a random 
nucleotides) is annealed to the RNA and used to direct first strand synthesis. The 
first strand cDNA molecules are then hybridized to a primer specific for the vector 
encoded exon. This primer directs second strand synthesis. Following second 
strand synthesis, the cDNA may be digested with restriction enzymes that cut in 
the vector exon and in the first strand primer (e.g. in Primer X - see above). The 
second strand products may then be cloned into a useful vector to allow them to 
be propagated. 

It will be apparent to one of ordinary skill in view of the description 
contained herein that the cDNA products made according to the methods of the 
invention may also be cloned into a cloning vector suitable for transfection or 
transformation of a variety of prokaryotic (bacterial) or eukaryotic (yeast, plant 
or animal including human and other mammalian) cells. Such cloning vectors, 
which may be expression vectors, include but are not limited to chromosomal-, 
episomal- and virus-derived vectors, e.g., vectors derived from bacterial plasmids 


-115- 

or bacteriophages, and vectors derived from combinations thereof, such as 
cosmids and phagemids, BACs, MACs, YACs, and the like. Other vectors 
suitable for use in accordance with this aspect of the invention, and methods for 
insertion of DNA fragments therein and transformation of host cells with such 
cloning vectors, will be familiar to those of ordinary skill in the art. 

Removal of Unspliccd Transcription Products 

In some instances, the activation vector will integrate into the genome in 
a region lacking genes. Alternatively, it may integrate into a region containing a 
gene(s), but be oriented in a manner that results in the transcription of the non- 
coding strand. In each of these instances, gene activated transcripts are produced 
that contain normally unlranscribcd DNA sequences next to the vector encoded 
exon. These sequences would complicate identification and analysis of novel 
genes. Therefore, it would be advantageous to selectively remove these genomic 
molecules. 

To remove cDNA molecules that contain a vector encoded intron, the 
double strand cDNA is treated with a restriction enzyme that recognizes a 
sequence located in the vector encoded intron. Preferably, the restriction enzyme 
creates an overhang that is different from the overhang produced by cleavage of 
the vector exon. This ensures the cloning of only activated genes by preventing 
the cleavage products from ligating into the cloning vector. 


Recovery of Exon I from activated endogenous genes 

To recover exon I from activated genes, specialized vectors can be used 
to create non-targeted gene activation libraries. In its simplest form, this vector 
contains, from 5' to 3\ a promoter, an unpaired splice donor site, and a second 
promoter. The downstream promoter is oriented in the same direction as the 
upstream promoter. Upon integration upstream of an endogenous gene, this type 
of vector produces two types of transcripts. The first transcript contains the 
vector exon joined to exon II of the endogenous gene. Methods for isolating this 
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transcript are described above. The second transcript contains the upstream 
region of the endogenous gene followed by exon I joined to exon II and other 
downstream exons from the endogenous gene (Figure 6). 

Using a two step process, exon I can be recovered from cells containing 
the integrated vector. First, vector exon containing transcripts (i.e. Transcript 
type #1, Figure 13) are isolated using the methods described above. Once 
isolated, the 5' end of the transcript including exon II can be sequenced to 
determine the sequence of the flanking endogenous exons. Second, once the 
sequence of the flanking endogenous exons is known, PCR primers capable of 
annealing to exon II (or a downstream exon) of the activated gene can be 
developed. These primers can be used to amplify exon I from Transcript #2 
(Figure 13) using a modified form of inverse PCR (Zeiner, M, Biotechmques 
77^:1051-1053 (1994)). Briefly, amplification of exon I from the endogenous 
gene is achieved by carrying out first strand cDNA synthesis with a gene specific 
primer, based on the sequence information determined above. Second strand 
synthesis can be carried out using E. coli DN A polymerase I under conditions well 
known to those skilled in the art. The double strand cDNA is then digested with 
a restriction enzyme that cleaves at least once in the endogenous gene upstream 
of the first strand cDNA primer, and that does not cleave in the vector exon. 
Following digestion, the cDNA is self ligated to produce circular molecules. 
Using inverted PCR primers that anneal in the endogenous gene upstream of the 
restriction/circularization site, amplification by PCR produces a DNA product 
containing exon I sequences from the endogenous gene. 

Method for Selecting Cells Containing Higher Levels of Gene Activated 
Transcripts/Protein 

In several embodiments of the disclosed invention, the activation vector 
contains an amplifiable marker (e.g. DHFR) and a viral origin of replication (e.g. 
EBV ori P). In other embodiments, an amplifiable marker and viral origin of 
replication are present on a cloning vector containing a cloned fragment of 
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genomic DNA. In yet another embodiment, the activation vector contains one 
element (e.g. DHFR) and a cloning vector carrying a genomic insert contains the 
other element (e.g. Ori P). Regardless of the initial location of the amplifiable 
marker and viral origin, the elements are combined on the same DNA molecule 
prior to or during introduction into a host cell. 

In addition to the cis-acting elements, a trans-acting viral protein is 
generally required for efficient replication of the episomes. Examples of 
trans-acting viral proteins include EBNA-1 and SV40 T antigen. To promote 
efficient replication of episomes, the trans-acting viral protein can be expressed 
from the episome. Thus, the viral trans-acting protein may be expressed from the 
transposing activation vector, or may be positioned on the backbone of the cloning 
vector. Alternatively, the trans-acting viral protein may be expressed by the 
eukaryotic host ceils into which the episome is introduced. 

Once the amplifiable marker and viral origin of replication are on the same 
molecule and present in a host cell expressing the appropriate viral replication 
protein(s), the copy number of the episome can be increased. To increase the 
copy number of the episome, the cells" can be placed under the appropriate 
selection. For example, if DHFR is present on the episome, methotrexate may be 
added to the culture. The selective agent may be applied at relatively high 
concentrations to isolate cells in the population that already have a high episome 
copy number. Alternatively, the selective agent may be applied at lower 
concentrations, and periodically increased in concentration. Two-fold increases 
in drug concentration will result in step-wise increases in copy number. 

To reduce the frequency of non-specific drug resistance (i.e. drug 
resistance that is not associated with increased copy number of the episome), more 
than one amplifiable marker can be placed on the vector. Inclusion of multiple 
amplifiable markers on the episome allows cells to be selected with multiple drugs 
(either simultaneously or sequentially). Since non-specific drug resistance is a 
relatively rare event, the probability of a cell developing non-specific drug 
resistance to multiple drugs is exceedingly rare. Thus, the presence of multiple 
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amplifiable markers on the episome facilitates isolation of cells that have a high 
episome copy number. 

Amplification of episome copy number increases the number of transcripts 
derived from the vector activated gene. This, in turn, facilitates isolation of cDN A 
molecules derived from the activated gene. Furthermore, amplification of episome 
copy number can dramatically increase protein expression from the activated gene. 
Higher levels of protein production facilitate generation of proteins for bioassay 
screening, cell assay screening, and manufacturing purposes. 

As a result of the highly desirable characteristics described above, vectors 
containing a viral origin of replication and an amplifiable marker, and the use of 
these vectors to rapidly amplify the copy number of cpisomai vectors, represent 
a break through that extends beyond the scope of activating expression of genes 
present in genomic DNA. For example, these vectors can be used to over-express 
cl)NA encoded gcm\s to produce high levels of protein expression without the 
need to integrate the gene into a host cell genome with an amplifiable marker. 
Furthermore, like amplification of chromosomal sequences, cell possessing several 
hundred to several thousand cpisomai copies of the vector can be isolated and 
maintained in culture. Thus, the vectors described herein, and their uses, allow 
high levels of cloned genomic DNA to be propagated in mammalian cells, facilitate 
isolation of cDNA copies of genes present on the vector as genomic inserts, and 
maximize protein production from cloned cDNA and genomic copies of 
eukaryotic genes. 

Other suitable modifications and adaptations to the methods and 
applications described herein will be readily apparent to one of ordinary skill in the 
relevant arts and may be made without departing from the scope of the invention 
or any embodiment thereof. Having now described the present invention in detail, 
the same will be more clearly understood by reference to the following examples, 
which are included herewith for purposes of illustration only and are not intended 
to be limiting of the invention. 
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EXAMPLES 

Example I: Transfection of Cells for Activation of Endogenous Gene 
Expression 

Method: Construction of pRIG-1 

Human DHFR was amplified by PCR from cDNA produced fromHTl 080 

cells by PCR using the primers DHFR-F1 

(5' TCCTTCGAAGCTTGTCATGGTTGGTTCGCTAAACTGCAT 3') 

(SEQ ID NO:l) add DHFR-R1 (5' AAACTTAAGATCGATTAATCATTC- 
TTCTCATATACTTCAA 3') (SEQ ID NO:2), and cloned into the T site in 
pTARGET™ (Promega) to create P TARGET:DHFR. The RSV promoter was 
isolated from PREP9 by digestion with Nhel and Xbal and inserted into the Mjc/ 
site of pTARGET:DHFR to create P TgT:RSV+DHFR. Oligonucleotides JH169 
(5 1 ATCCACCATGGCTACAGGTGAGTACTCG 3') (SEQ ID NO:3) and JH 1 70 
(5' CJATCCXiAGTACTCACCTGTAGCCATGGTGGATITAA 3') (SEQ 11) 
NO:4) were annealed and inserted into the 1-I'po-l and Nhel sites of 
pTgT:RSV+DHFR to create pTgT.RSV+DHFR+Exl. A 279 bp region 
corresponding to nucleotides 230-508 of pBR322 was PCR amplified using 
primers Tet Fl (5' GGCGAGATCTAGCGCTATATGCGTTGATGCAAT 3') 
(SEQ ID NO:5)and Tet F2 (5' GGCCAGATCTGCTACCTTAAGAGAGCCG- 
AAACAAGCGCTCATGAGCCCGAA 3') (SEQ ID NO:6). Amplification 
products were digested with BgUI and cloned into the BamHl site of 
p TgT:RSV+RSV+DHFR+Exl to create pRIG-1. 

Transfection - Creation ofpRlG-1 Gene Activation Library in HT1080 Cells 

To activate gene expression, a suitable activation construct is selected 
from the group of constructs described above. The selected activation construct 
is then introduced into cells by any transfection method known in the art. 
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Examples of transfection methods include electroporation, lipofection, calcium 
phosphate precipitation, DEAE dextran, and receptor mediated endocytosis. 
Following introduction into the celts, the DNA is allowed to integrate into the host 
cell's genome via non-homologous recombination. Integration can occur at 
spontaneous chromosome breaks or at artificially induced chromosomal breaks. 

Method: Transfection of human cells with pRIGl. 2xl0 9 HH1 cells, an 
HPRT" subclone of HT 1080 cells, was grown in 150 mm tissue culture plates to 
90% confluency. Media was removed from the cells and saved as conditioned 
media (see below). Cells were removed from the plate by brief incubation with 
trypsin, added to media/ 10% fetal bovine serum to neutralize the trypsin, and 
pelleted at 1000 rpm in a Jouan centrifuge for 5 minutes. Cells were washed in 1 X 
PBS, counted, and repelleted as above. The cell pellet was resuspended at 
2.5 x 10 7 cells/ml final in IX PBS (Gibco BRL Cat #14200-075). Cells were then 
exposed to 50 rads of y irradiation from a 137 Cs source. pRIGl (Fig. 14A-14B; 
SEQ ID NO: 18) was linearized with Bamlll, purified with phenol/chloroform, 
precipitated with ethanol, and resuspended in PBS. Purified and linearized 
activation construct was added to the cell suspension to produce a final 
concentration of 40 jig/ml. The DNA/rrradiated cell mixture was then mixed and 
400 fil was placed into each 0.4 cm electroporation cuvettes (Biorad). The 
cuvettes were pulsed at 250 Volts, 600 ^Farads, 50 Ohms . using an 
ielectroporation apparatus (Biorad). Following the electric pulse, the cells were 
incubated at room temperature for 10 minutes, and then placed into 
<xMEM/10%FBS containing penicillin/streptomycin (Gibco/BRL). Thecellswere 
then plated at approximately 7 x 10 6 cells/150 mm plate ^containing 35 ml 
<xMEM/10% FBS/penstrep (33% conditioned media/67% fresh media). Following 
a 24 hour incubation at 37°C, G418 (Gibco/BRL) was added to each plate to a 
final concentration of 500 jig/ml from a 60 mg/ml stock. After 4 days of selection, 
the media was replaced with fresh aMEM/10% FBS/penstrep/500 jig/ml G418. 
The cells were then incubated for another 7-10 days and the culture supernatant 
assayed for the presence of new protein factors or stored at -80 °C for later 
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analysis. The drug resistant clones can be stored in liquid nitrogen for later 
analysis. 

Example 2: Use of Ionizing Irradiation to Increase the Frequency and 
Randomness of DNA Integration 

Method: HH1 cells were harvested at 90% confluency, washed in lx PBS, 
and resuspcndcd at a cell concentration of 7.5 x 10 6 cells/ml in IX PBS. 15 fig 
linearized DNA (pRIG-l) was added to the cells and mixed. 400 (il was added to 
each electroporation cuvette and pulsed at 250 Volts, 600 (lFarads, 50 Ohms 
using an electroporation apparatus (Biorad). Following Ihc electric pulse, the cells 
were incubated at room temperature for 10 minutes, and then placed into 2.5 ml 
* aMEM/10%FBS/lX penstrep. 300 fxl of cells from each shock were irradiated at 
0, 50, 500, and 5000 rads immediately prior to or at either 1 hour or 4 hours post 
transfection. Immediately following irradiation, the cells were plated onto tissue 
culture plates in complete medium. At 24 hours post plating, G41 8 was added to 
the culture to a final concentration of 500 jig/ml. At 7 days post-selection, the 
culture medium was replaced with fresh complete medium containing 500 pg/ml 
G418. At 10 days post selection, medium was removed from the plate, the 
colonies were stained with Coomassie Blue/90% methanol/10% acetic acid and 
colonies with greater than 50 cells were counted. 

Example 3: Use of Restriction Enzymes to Generate Random, S emi-random t 
or Targeted Breaks in the Genome 

Method: HHI cells were harvested at 90% confluence, washed in lx PBS, 
and resuspended at a cell concentration of 7.5 x 10 6 cells/ml in IX PBS. To test 
the efficiency of integration, 15 \ig linearized DNA (PGK-pgeo) was added to 
each 400 pi aliquot of cells and mixed. TO several aliquots of cells, restriction 
enzymes Xbal Nod HindlM, Ippol (10-500 units) were then added to separate 
celLDNA mixture. 400 ul was added to each electroporation cuvette and pulsed 
at 250 Volts, 600 pFarads, S0Ohnisusinj\aiH'l<xtropoia(ionappaiatus(BioRa(I) 
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Following the electric pulse, the cells were incubated at room temperature for 10 
minutes, and then placed into 2.5 ml aMEM/10%FBS/lX penstrep. 300 pi of 2.5 
ml total cells from each shock were plated onto tissue culture plates in complete 
media. At 24 hours post plating, G418 was added to the culture to a final 
concentration of 600 fig/ml. At 7 days post-selection, the media was replaced 
with fresh complete media containing 600 ng/ml G4 1 8 . At 1 0 days post selection, 
media was removed from the plate, the colonies were stained with Coomassie 
Blue/90% methanol/10% acetic acid and colonies with greater than 50 cells were 
counted. 

Example 4: Amplification by Selecting for Two Amplifiable Markers 
Located on the Integrated Vector 

Following integration of the vector into the genome of a host cell, the 
genetic locus may be amplified in copy number by simultaneous or sequential 
selection for one or more amplifiable markers located on the integrated vector. For 
* example, a vector comprising two amplifiable markers may be integrated into the 
genome, and expression of a given gene (i.e., a gene located at the site of vector 
integration) can be increased by selecting for both amplifiable markers located on 
the vector. This approach greatly facilitates the isolation of clones of cells that 
have amplified the correct locus (i.e., the locus containing the integrated vector). 

Once the vector has been integrated into the genome by nonhomologous 
recombination, individual clones of cells containing the vector integrated in a 
unique location may be isolated from other cells containing the vector integrated 
at other locations in the genome. Alternatively, mixed populations of cells may 
be selected for amplification. 

Cells containing the integrated vector are then cultured in the presence of 
a first selective agent that is specific for the first amplifiable marker. This agent 
selects for cells that have amplified the amplifiable marker either on the vector or 
on the endogenous chiomosome. These cells are then selected for amplification 
of the second selectable marker by culturing the cells in the presence of a second 
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selective agent that is specific for. the second amplifiable marker. Cells that 
amplified the vector and flanking genomic DNA will survive this second selective 
step, whereas cells that amplified the endogenous first amplifiable marker or that 
developed non-specific resistance will not survive. Additional selections may be 
performed in similar fashion when vectors containing more than two (e.g., three, 
four, five, or more) amplifiable markers are integrated into the cell genome, by 
sequential culturing of the cells in the presence of selective agents that are specific 
for the additional amplifiable markers contained on the integrated vector. 
Following selection, surviving cells are assayed for level of expression of a desired 
gene, and the cells expressing the highest levels are chosen for further 
amplification. Alternatively, pools of cells resistant to both (if two amplifiable 
markers are used) or all (if more than two amplifiable markers are used) of the 
selective agents may be further cultured without isolation of individual clones. 
These cells are then expanded and cultured in the presence of higher 
concentrations of the firs, selective, agent (usually twofold higher). - The process 
is repealed until the desired expression level is obtained. 

Alternatively, cells containing the integrated vector may be selected 
simultaneously for both (if two are used) or all (if more than two are used) of the 
amplifiablemarkers.Simultaneousselectionisaccom P lishedbyincorporatingboth 

selection agents (if two markers are used) or all of the selection agents (if more 

than two markers are used) into the selection medium in which the transfected 

cells are cultured. The majority of surviving cells will have amplified the 

integrated vector. These clones can then be screened individually to identify the 

cells with the highest expression level, or they can be carried as a pool. A higher 

concentration of each selective agent (usually twofold higher) is then applied to 

the cells. Surviving cells are then assayed for expression levels. This process is 

repeated until the desired expression levels are obtained. 

By either selection strategy (/• e. , simultaneous or sequential selection), the 

initial concentration of selective agent is determined independently by titrating the 
agent from low concentrations with no cytotoxicity to high concentrations that 
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resuit in cell death in the majority of cells. In general, a concentration that gives 
rise to discrete colonies (e.g., several hundred colonies per 100,000 cells plated) 
is chosen as the initial concentration. 


Example 5: Isolation of cDNAs Encoding Transmembrane Proteins 

P.RIG8R1-CD2 (Fig. 5 A-5D; SEQ ID NO:7), pRJG8R2-CD2 (Fig. 6A-6C; 
SEQ ID NO:8), and pRIG8R3-CD2 (Fig. 7A-7C; SEQ ID NO:9) vectors contain 
the CMV immediate early gene promoter operably linked to an exon followed by 
an unpaired splice donor site. The exon on the vector encodes a signal peptide 
linked to the extra-cellular domain of CD2 (lacking an in frame stop codon). Each 
vector encodes CD2 in a different reading frame relative to the splice donor site. 

To create a library of activated genes, 2 x 10 7 cells were irradiated with 
50 rads from a t37 Cs source and electroporated with 15 fig of linearized 
pRIG8Rl-CD2 (SEQ ID NO:7). Separately, this was repeated with 
pRIG8R2-CD2 (SKQ ID NO:8), and again with pl<IG8R3-CD2 (SEQ ID NO:9). 
Following transection, the three groups of cells were combined and plated into 
150 mm dishes at 5 x 10 6 transfected cells per dish to create library #1. At 24 
hours post transfeclion, library // 1 was placed under 500 jig/ml G4 1 8 selection for 
14 days. Drug resistant clones containing the vector integrated into the host cell 
genome were combined, aliquoted, and frozen for analysis. Library #2 was 
created as described above, except that 3 x 10 7 cells, 3 x 1 0 7 cells and 1 x 10 7 cells 
were transfected with pRIG8Rl-CD2, pRIG8R2-CD2, and pRIG8R3-CD2, 
respectively. 

To isolate cells containing activated genes encoding integral membrane 
proteins, 3 x 10 6 cells from each library were cultured and treated as follows: 


Cells were trypsinized using 4 mis of Trypsin- EDTA 

After the cells had released, the trypsin was neutralized by addition 

of 8 ml of alpha MEM/10% FBS. 
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The cells were washed once with sterile PBS and collected by 

centrifugation at 800 x g for 7 minutes. 

The cell pellet was resuspended in 2ml of alpha MEM/10% FBS. 

1 ml was used for sorting while the other 1 ml was replated in 

alpha MEM/10% FBS containing 500 ug/ml G-418, expanded and 

saved. 

The cells used for sorting were washed once with sterile alpha 
MEM/10% FBS and collected by centrifugation at 800 x g for 
7 minutes. 

The supernatant was removed and the pellet resuspended in 1 ml 
of alpha MEM/10% FBS. 100 ul of these cells was removed for 
staining with the isotype control. 

200 ul of Anti-CD2 FITC (Pharmingen catalog # 30054X) was 
added to the 900 ul of cells while 20 ul of the Mouse IgG, isotype 
control (Pharmingen catalog # 33814X) was added to the 100 ul 
of cells. The cells were incubated, on ice, for 20 minutes. 
To the tube that contained the cells stained with the Anti-Human 
CD2 FITC, 5 ml of PBS/1% FBS were added. To the isotope 
control, 900 ul of PBS/1% FBS were added. The cells were 
collected by centrifugation at 600 x g for 6 minutes. 
The supernatant from the tubes was removed. The cells that had 
been stained with the isotype control were resuspended in 500 ul 
of alpha MEM/10% FBS, and the cells that had been stained with 
anti-CD2- FITC were resuspended in 1.5 ml alpha MEM/10% 
FBS. 

C* were sorted through f.ve seouentra, sorts or, a FACS Vantage Flow 
Cytometer (Beoton Dicta Immunocytometry Systems; Mountain View, CA). 
meacl.sort.theindica.edpercentageor.otaleeHs.represcntingthemos, stron* 

fluoresce,,, «*, (see b*») eon,*.., ■ «*«•■ ™™ 
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cells were sorted as a negative control. The following populations were sorted 
and collected in each sort: 



Library #1 

Library #2 

Library #3 

Sort#l 

500,000 cells 
collected (top 10%) 

100,000 cells 
collected (top 10%) 

40,000 cells collected 
(top 10%) 

Sort #2 

300,000 cells 
collected (top 5%) 

220,000 cells 
collected (top 11%) 

14,000 cells collected 
(top 5%) 

Sort #3 

90,000 cells collected 
(top 5%) 

40,000 cells collected 
(top 10%) 

120,000 cells 
collected (top 10%) 

Sort #4 

600,000 cells 
collected (top 40%) 

(a) 6,000 cells 
collected (top 5%); 

(b) 10,000 cells 
collected (next 5%) 

280,000 cells 
collected (top 13%) 

Sort US 

(a) 260,000 cells 
collected (top 10%); 

(b) 530,000 cells 
collected (next 25%) 

(a) from group (a) of 
sort #4, 100,000 cells 
collected (top 10%), 
and 350,000 cells 
collected (next 35%); 

(b) from group (b) of 
sort #4, 120,000 cells 
mUocteA flop 10%) 

(Not done) 


Cells from each of the final sorts for each library were expanded and stored in 
liquid nitrogen. 


Isolation of activated genes from FACS-sorted cells 

Once cells had been sorted as described above, activated endogenous 
genes from the sorted cells were isolated by PCR-based cloning. One of ordinary 
skill will appreciate, however, that any art-known method of cloning of genes may 
be equivalent^ used to isolate activated genes from FACS-sorted cells. 

Genes were isolated by the following protocol: 
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(1) Using PolyATract System 1000 mRNA isolation kit (Promega), mRNA 
was isolated from 3xl0 7 CD2+ cells (sorted 5 rounds by FACS, as 
described above) from libraries #1 and #2. 

(2) After mRNA isolation, the concentration of mRNA was determined by 
diluting 0.5 pi of isolated mRNA into 99.5 |il water and measuring OD™ 
21 ng of mRNA were recovered from the CD2+ cells. 

(3) First strand cDNA synthesis was then carried out as follows: 

(a) While the PCR machine was holding at 4°C, first strand 
reaction mixtures were set up by sequential addition of the 
following components: 

4 1 \x\ DEPC-treated ddH 2 0 

A liI lOmM each dNTP 

8 til 0.1 MDTT 

16 ill 5x MMLV first strand buffer (Gibco-BRL) 

5 pi (lOpmol/pl) of the consensus polyadenylatton site 
primer GD.R1 (SEQ ID NO: 10)* 

1 |il RNAsin (Promega) 

3pl(1.25pg^l)'mRNA. 
*Note: GD.R1, 5TTTTTTTTTTTTCGTCAGCGG€CGCATCNNNNTT^ 
ATT 3' (SEQ ID NO: 10), is a "Gene Discovery" primer for first strand cDNA 
synthesis of mRNA; this primer is designed to anneal to the poly-ad enylation 
signal AATAAA and downstream poly-A region. This primer will introduce a 
Noil site into the first strand. 

Once.samples had been made up, they were incubated as follows: 

(b) 70° for I min. 

(c) 42° hold. 
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2nlof 400 U/ul Superscript II (Gibco-BRL; Rockville, MD) was 
then added to each sample, to give a final total volume of 82 ul. 
After approximately three minutes, samples were incubated as 
follows: 

(d) 37°for30min. 

(e) 94°for2min. 

(f) 4° for 5 min. 

2 ul of 20 U/ul RNace-IT (Stratagene) was then added to each 
sample, and samples were incubated at 37° for 10 min. 

Following fi. si si rand synthesis, cDN A was purified using a PGR cleanup 
kit (Qiagen) as follows. 

(a) 80 ul of the first strand reaction were transferred to a 1 .7 
ml siliconized eppendorf tube and adding 400 ul of PB. 


(b) 


Samples were then transferred to a PCR clean-up column 
and centrifuged for two minutes at 14,000 RPM. 


(c) Columns were then dissembled, flowthrough decanted, 
750 of ul PE were added to pellets, and tubes were 
centrifuged for two minutes at 1 4,000 RPM. 


(d) 


Columns were disassembled and flowthrough decanted, 
and tubes then centrifuged for two minutes at 14,000 RPM 
to dry resin. 
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(e) cDNA was then eluted using 50 ul of EB through 
transferring column to a new siliconized eppendorf tube 
which was then centrifuged for two minutes at 14,000 


RPM. 


(5 ) Second strand cDNA synthesis was then carried out as follows: 

(a) Second strand reaction mixtures were set up at RT, 
through the sequential addition of the following 

components: 

ddH 2 0 55 ^ 

10 xPCR buffer 10 ul 

50 mM MgCl, 5 I' 1 

10 mM dNTPs 2 ^ 

25 P mol/nlRir..751-Bio* 4 jil 

25pmoMGD.U2*-* 4 ^ 
First strand product 20 \i\ 

. No ,, mm.*, * b,o« A oatcactaomgo™gcoo 3^ 

NO- 10) GD.R2 is a sub-sequence ot OU.w 
degenerate bases preceding the polyA s lg nal sequence. 
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(b) Start second strand synthesis: 

94°C for 1 min; 

add 1 \il Taq (5U/pl, Gibco-BRL); 

add 1 \il Vent DNA pol (O.lU/p.1, New England 

Biolabs). 

(c) Incubate at 63 °C for 2 min. 

(d) Incubate at 72°C for 3 min. 

(e) • Repeat step (b) four times, 

(f) Incubate at 72°C for 6 min. 

(g) Incubate at 4°C (hold) 

(h) END 

200 |xl of 1 mg/ml Streptavidin-Paramagnetic Particles (SA-PMP) were 
then prepared by washing three limes with STE. 

The products of the second strand reaction were added directly to the 
SA-PMPs and incubated at RT for 30 minutes. 

After binding, SA-PMPs were collected through the use of the magnet, 
and flowthrough material recovered. 

Beads were washed three times with 500 \il STE. 

Beads were resuspended in 50 ul of STE and collected at the bottom of 
the tube using the magnet. STE supernatant was then carefully pipetted 
off. 

Beads were resuspended in 50 \v\ of ddl I 2 0 and placed into a 100°C water 
bath for two minutes, to release purified cDNA from PMPs. 
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(12) Purified cDNA was recovered by collecting PMPs on the magnet and 
carefully removing the supernatant containing the cDNA, 

(13) Purified products were transferred to a clean tube and centrifuged at 
14,000 RPM for two minutes to remove all of the residual PMPs. 

(14) A PCR reaction was then carried out to specifically amplify RIG activated 
cDNAs, as follows: 

(a) PCR reaction mixtures were set up at RT, through the 
sequential addition of the following components: 


H 2 0 59 pi 

10 x PCR buffer 10 pi 

50mMMgCl 2 5 pi 

lOmMdNTPs 2 pi 

25pmol/plRIG.F781* 2 pi 

25 pmol/plGD.R2 2 pi 

second strand product 20 \i\ 


*Note: RIG.F781, 5* ACTCATAGGCCATAGAGGCCTATCACAG- 
TTAAATTGCTAACGCAG 3' (SEQ ID NO: 13), anneasl downstream of GD.F1 
GD.F3, GD.F5-Bio, and RiaF751-Bio, and adds an Sfil site for 5' cloning of 
cDNAs. This primer is used in nested PCR amplification of RIG Exonlspecific 
second strand cDNAs. 


(b) Start thermal cycler: 
94 °C for 3 min; 

add 1 pi of Taq (5U/pl; Gibco-BRL); 
add 1 pi ofO.lU/pl Vent DN A polymerase (New England 
Biolabs) 
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PCR was then carried out by 10 cycles of steps (c) to (e): 

(c) 94°C for 30 sec. 

(d) 60°C for 40 sec. 

(e) ' 72°C for 3 min. 

PCR was then completed by carrying out the following steps: 

(f) 94°C for 30 sec. 

(g) 60°Cfor40sec. 

(h) 72°Cfor3 min. 

(i) 72° C + 20 sec each cycle for 1 0 cycles 
(j) 72°C for 5 min 

(k) 4°C hold. 

(15) After elution of library material with 50 ,.1 EB, samples were digested by 
adding 10 pi of NEB Buffer 2, 40 ,.1 of dll 2 0 and 2 pi of SfA and 
digesting for 1 hour at 50°C, to cut the 5' end of the cDN A at the SfA site 
encoded by the forward primer (RIG.F781; SEQ ID Nd:13). 

(16) Following SfA digestion, 5 pi of IM NaCl and 2 pi of Natl were added to 
each sample, and samples digested for one hour at 37°C, to cut the 3' end 
of the cDNA at the Noil site encoded by the first strand primer (GD.R1 ; 
SEQ ID NO: 10). 

(17) The digested cDNA was then separated on a 1% low melt agarose gel. 
cDNAs ranging in size from 1 .2Kb to 8Kb were excised from the gel. 

(18) cDNA was recovered from the excised agarose gel using Qiaex II Gel 
Extraction (Qiagen). 2 pi ofcDNA (approximately 30mg) was ligated to 
7ul (35ng) of pBS-HSB (linearized with SfA/NoA) in a total volume of 
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. ,• u niFV-) using 400 units of T4 DNA ligase 
10 ul of IX T4 ligase buffer (NbB), using 

(NEB). 

0.5 „, oCheUgatioa reaction .™«ure ta. «P d«) « — » 4 

into £ co// DH10B. 


103 


colonies/0.5 ul ligated DNA were recovered. 


These colonies were screened for exons using the pnmers M13F20 and 
mi82(R10B*»l specif^throughFCR.n 12.5 ul volumes as follows: 

(a) 100 ul of LB (with selective antibiotic) were dispensed 
into the appropriate number of 96-well plates. 

0>) S.n.le colonies were picked and inoculated into individual 
wells of the 96-well plate, and the plate placed mto a 37°C 
incubator for 2-3 hours without shaking. 

(c) A PCR reaction "master mix" was prepared on ice, as 
follows: 
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(d) 


(e) 


(f) 


10 ul of the master mix were 
the PCR reaction plate. 


dispensed into each well of 


(g) 


2 5 ul from each 100 ,1 E. coU culture were transferred 
into the corresponding wells of the PGR reaction plate. 

PCRwas performed, using typical PCR cycle conditions of: 

0) 94°C/2min. (Bacterid lysis and plasmid denaturauon) 

01) 30 cycles of 92°C denaturation for 15 sec; 60°C pnmer 
annealing for 20 sec; and 72'C primer extension for 

40 sec 

(Hi) 72°C final extension for 5 min. 
(iv)4°Chold. 

Bromophenol blue was then added to the PCR reaction; 
samples were mixed, centrifuged, and then the entrre 
reaction mix was loaded onto an agarose gel. 
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23) Of 200 clones screened, 78% were positive for the vector exon. 96 of 
these clones were grown as minipreps and purified using a Qiagen 96-well 
turbo-prep following the Qiagen Miniprep Handbook (April 1997). 

24) Many duplicate clones were eliminated though simultaneous digestion of 
2 jil of DNA with Noil, Bam HI, Xhol, Xbal, Hindlll, EcoRl in 
NEB Buffer 3, in a total volume of 22 ul, followed by electrophoresis on 
a 1% agarose geL 

Results: 

Two different cDNA libraries were screened using this protocol. In the 
first library (TMT#1), eight of the isolated activated genes were sequenced. Of 
these eight genes, four genes encoded known integral membrane proteins and six 
were novel genes. In the second library (TMT//2), 1 I isolated activated genes 
were sequenced. Of these I I genes, one gene encoded a known integral 
membrane protein, one gene encoded a partially sequenced gene homologous to 
an integral membrane protein, and nine were novel genes. In all cases where the 
isolated gene correspond to a characterized known gene, that gene was an integral 
membrane protein. 

Exemplary significant alignments (obtained from GenBank) for genes 
isolated from each library are shown below: 

TMT#1 Significant Alignments : 

179761|gb|M7 6SS9lHUMCACNLB Human neuronal DHP-sensi tive 

voltage-dependent, calcium channel alpha-2b subunit mRNA 
complete CDs . 
Length = 3600 

>gi I 3183974 |emb| Y10183 ) HSMEMD H. sapiens mRNA for MEMD protein 
Length = 4235 

TMT#2 Significant Alignments : 

>gi|476590|gb|U06715|HSU0671S Human cytochrome B561, HCYTO B561, mRNA, 
partial CDs . 
Length =24 63 


-136- 


> g i| 2 184843|gb|AA4S99S9|AA4S99S9 «66c01..1 Scares total fetus 
Nb2HF8 9w Homo sapiens cDNA clone 796414 3' similar to 
g b:J03171 INTERFERON-ALPHA RECEPTOR PRECURS 9 R (HUMAN) ; 
Length =431 


Example 6: Activation of Endogenous Genes using a Poly(A) Trap Vector 

HT1080 cells (1 x 10 7 cells) were irradiated with 50 rads using a l37 Cs . 
source and electroporated with 15 ug linearized pRIGM (Frgure 29A-29B. 
Following transfection, the cells were plated into a 150 mm dish at 5 x 106 
cells/dish. At 24 hours, puromycin was added to 3 ug/ml. The cells were 
incubated at 37° C for 12 days in the presence of 3 ug/ml puromycin. The media 
was replaced every 5 days. At .2 days, (ho number of colonics was counted, and 
the cells were trypsin** and replated onto a new dish. The cells were grown to 
900/c confluency and harvested for frozen storage and gene isolation. Tymcally. 
1000-3000 colonies were produced per 1 x 10 7 cells transfected. 

Example?: Activation of Endogenous Genes Using a Dual Poly (A) 
Trap/SAT Vector 

lx 10 7 HH1 cells (HPRT-minus HT1080 cells) were irradiated with 50 
rads using a » 7 Cs source and electroporated with 15 ug linearized pRIG-22. 
Following transfection, the cells were plated into a 150 mm dish at 5 x 10« 
cells/dish. At24hours, neomycins added to 500 ug/ml G481. The cells were 
incubated at 37* C for 4 days in the presence of 500 ug/ml G418. The media was 
replaced with fresh media containing 500 ug/ml G4 1 8 and AgThg and grown m 
the presence of both drugs for an additional 7 days. Alternatively, as a control for 
HPRT activity, the media was replaced with fresh media containing 500 ug/ml 
G4 1 8 and HAT (available from Life Technologies, Inc., Rockville, MD, and used 
at manufacturer's recommended concentration) and grown in the presence of both 
drugs for an additional 7 days. At 12 days post transfection. the number ol 
colonies was counted, and the cells were trypsinized and replated onto a new d,sh. 
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The cells were grown to 90% confluency and harvested for frozen storage and 
gene isolation. Typically, cells subjected to G418/AgThg selection produced 
1000-3000 colonies per 1 x 10 7 cells transfected. In contrast, cells subjected to 
G418/HAT selection produced approximated 100 colonies per 1 x 10 7 cells 
transfected. 

Example 8: Isolation of activated genes 

Non-targeted gene activation vectors are integrated into the genome of a 
eukaryotic cells using the methods of the invention. By integrating the vector into 
multiple cells, a library is created in which cells are expressing different vector 
activated genes. RNA is isolated from these cells using a commercial RNA 
isolation kit. In this example, RNA is isolated from cells using Poly(A) Tract 1 000 
(Promega). The RNA is converted into cDNA, amplified, size fractionated, and 
cloned into a plasmid for analysis and sequencing. A brief description of this 
process is presented. 

1) Place 4 ml GTC Extraction buffer (Poly(A) tract 1000 Kit- Promega) in a 1 5 
ml polycarbonate screw cap tube and add 168 \il 2-mercaptoethanol and place in 
a 70 °C water bath. 

2) Place 8 ml dilution buffer in a 15 ml polycarbonate screw cap tube for every 
pellet processed and add 168 \il 2-mercaptoethanol and place in a 70°C water 
bath. 

3) Remove from -80°C storage cell pellets (1 x 10 7 - I x 10* cells) containing 
non-targeted gene activation vector integrated into their genome. Pipette 4ml 
GTC Extractionbuffer immediately onto cell pellet. Pipette up-and-down several 
times until the pellet is resuspended and transfer into a 15 ml snap cap 
polypropylene tube. 

4) Add the 8 ml dilution buffer and mix by inversion. 

5) Add 10 nl (500 pmol) of the biotinlylated oligo dT primer and mix. 

6) Let sit at 70°C for 5 minutes inverting every couple of minutes to ensure even 
heating. 
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7) Centrifuge in a Sorvall HB-6 rotor at 7800 rpm (10k x g) at 25°C for 10 
minutes. During this period of time wash 6 ml Strepavidin-Paramagnetic particles 
(SA-PMPs) 3x with 6 ml 0.5x SSC through use of the Poly(A) Tract system 1000 
magnet. 

8) After 3 washes resuspend the SA-PMPs in 6 ml 0.5 x SSC. 

9) Pipette to remove the supernatant from the RNA prep and add to the 
resuspendedSA-PMPs(Becarefulwhenremoving supernatant so thatyou do not 

disrupt the pellet). 

10) LettheSA-PMP/RNAmixand incubate for 2 minutes at room temperature. 

1 1) Capture the magnetic beads through use of the Poly(A) Tract system 1000 
magnet. Note that it takes some time for all of the beads to pellet due to the high 
viscosity of the liquid. 

12) Pouroffthesupernatantandresuspendthebeadsin 1.7 ml of 0.5 x SSC using 
a 2 ml pipette and transfer to a 2 ml screw cap tube. 

13) Capture the SA-PMPs using the magnet and remove the supernatant by 
pipetting with a PI 000. 

14) Add 1 .7 ml 0.5x SSC and invert the tube several limes to mix. 

15) Repeat steps 14 and 15 two more times. 

,6) Resuspend the SA-PMPs in 1 ml of nuclease free water and invert several 
times to mix. 

17) Capture the SA-PMPs and pipette off the mRNA. 
IS) Place 0.5 ml of the mRNA into each of two siliconized eppendorf tubes and 
add 50 ul of DEPC-Ucatcd 3M NaOAc solution and 0.55 ml of isopropanol. 
Invert several times to mix and place at -20X for at least 4 hours. 

19) Centrifuge the mRNA for 10 minutes at max RPM (14 k). 

20) Carefully pipette off the supernatants and wash pellets with 200 ul 80% 
ethanolthroughre-^ 

are often brown or tan in color. This color results from residual SA-PMPs. 

21) Remove wash and let pellets air dry for not more than 10 minutes at room 

temperature. 
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22) Resuspend pellets in 5 pi each and combine into a single tube. 

23) Centrifuge at 14K RPM for 2 minutes to remove the residual SA-PMPs and 
carefully remove the mRNA. 

24) Determine the concentration of mRNA by diluting 0.5 pi into 99.5 pi water 
and measuring OD 260. Note that 1 OD 260 = 40 pg RNA. 

25) Set up first strand reaction for both the test sample and the negauve control 
(ffTlOSO) through the sequential addition of the following components while the 
PCR machine is holding at 4°C: 

Step I : 

42 ul DEPC-treated ddH 2 0 

4 ul lOmM eachdNTP 
8 |il 0.1 MDTT 

16 pi 5x MMLV 1st strand buffer 

5 ul(10pmol/ul)GDRl 
1 pi RNAsin (Promega) 
4 pi (1.25 pg/pl)mRNA. 

Step 2: 70°/ 1 min 

Step 3: 427hold 

Sup 4: After 1 minute add 2 pi SUPERSCRIPT II® (Life 

Technologies, Inc.; Rockville, MD) and incubate at 37X for 30 min 
Step 5: 94°/2 min 

Step 6: 47°° 

Step 7: Add 2 pi RNase and incubate at 3TC for 10 min 

Step 8: 47°° 

26) Analyze 8 pi of cDNA on a 1% agarose gel to check for cDNA synthesis and 
purify remainingcDNAusingthePCRcleanupkitfromQiagenbytransferringthe 
70 pi firsthand reaction to a 1 .5 ml siliconized eppendorf tube and adding400 pi 
PB. 

27) Transfer to a PCR clean-up column and centrifuge ^minutes at max RPM. 

28) Disassemble column and pour out Flow through. Add 750 pi PE and 
centrifuge 2 minutes at max RPM. 
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29) Disassemble column and pour out Flow throught then centrifuge 2 minutes 
at max RPM to dry resin. 

30) Elute using 50 nl of EB through transferring column to a new siliconized 
eppendorf tube and centrifuging for 2 minutes at max RPM. 

3 1) Second Strand cDNA synthesis set up at RT: 

H 2 0 8.5 ul 

10 XPCR buffer 5 fil 

50mMMgCl 2 2.5 ul 

10 mM dNTPs 1 ul 

25 pmol/u.1 GDF5Bio 10 pi 

25 pmol/ul GDR2 10 ul 

First strand product 15 ul 

Step 9: 94°C/1 min. 

Step 10: 60°C/10min. 
Add 0.25 ul Taq polymerase 
Step 11: 60°C/2 min. 
Step 12: 72°C/10 min. 
Step 13: 94°C/1 min. 

Step 14: min go to "Slop 1 1 " (bur more times 
Step 15: 60°C/2 min 
Step 16: 72°C/10 min 
Step 17: END 

32) Prepare 100 ul of SA-PMPs by washing 3 x with STE and collection using 
a magnet. After the final wash, resuspend the beads in 1 50 ul STE. 

33) Purify the products of the second strand reaction using the PCR cleanup kit 
from Qiagen. Elute in 50 pi EB and add he products of the second strand reaction 
to 150 pi of the PMPs. 

34) Mix gently at RT for 30 minutes. 

35) After binding collect SA-PMPs through use of a magnet and recover flow 
through material (SAVE THIS MATERIAL!) 

36) Wash the beads 3 x with 500 ul STE and Ix with NEB 2 (lx). 

37) Resuspend the beads in 100 pi NEB 2 (lx). 
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38) Add 2 |d Sfil and digest at 50°C for 30 minutes with gentle mixing every 10 


minutes. 


39) Recover purified cDNA through use of a magnet and carefully removing the 
supernatant. 

40) Transfer the products to a new tube and centrifuge at maximum RPM for 2 
minutes to remove all of the beads. 

41) Set up a PCR reaction to specifically amplify RAGE activated cDNAs: 


H 2 0 


37 ul 

10 X PCR buffer *M 
10 mM dNTPs 2 ul 

25pmol/ulGDF781 10 ul 

25 pmol/ul GDR2 10 
Second strand product 25 |tl 

Step 1: 94°C/2min. 

Step 2: 94°C/45 sec. 

Step 3: 60X/10 min. 

Add 0.5 ul Taq Polymerase 

Step 4: 72°C/10min. 

Step 6: 60°C/2 min. 

Step 7: 72°C/10 min. 

Step 8: Cycle to step 5, 8 more times 

Step 9: 94°C/45 sec. 

Step 10: 60°C/2 min. 

Step II: 72°C/ 10 mitv + 20 se ° ea ° h CydC 

Step 1 2 : Cycle to step 9, 14 more times 

Step 13: 72°C/5min. 

Step 14: 4°C hold 


-142- 


42) Check specificity of PCR amplification of HT 1080 versus library material 
through analysis on. a 1% agarose.gel. If there is a high specificity of cDNA 
amplification, then use Qiagen PCR clean up kit to purify PCR products. 

43) After elution of library material with 50 ul EB add 10 ul NEB2, 40 ul dH 2 0 
and 2 ul Sftl and digest for 1 hour at 50 °C. 

44) Add 5 pi of 1 M NaCl and 2 ul of Notl and digest for 1 hour at 37°C. 

45) Prepare and run a 1% L.M. agarose gel and run library material on gel. After 
visualization of material, cut out fragments ranging in size from 500bp to 10 Kb. 

46) Recover the library DNA from agarose using Qiaex II Gel Extraction 
Protocol (Qiagen) and elute DNA in 10 (il EB. Ligate 5 ul of this material to 4 ul 
pBS-HSB (SfiVNoA) or pBS-SNS in a total volume of 10 ul. 

47) Transform E coli with 0.5 ul ligated DNA per 40 ul cells. 

48) Pick colonies, grow overnight in LB, isolate plasmids. 

49) Analyze gene activated cDNA inserts by restriction digest and DNA 
sequencing. 

Example 9: Isolation of Activated Genes from Subtracted cDNA Pools 

Purified mRNAs from non-transfected HT1080 cells was prepared using 
the Poly- A Tract 1000 system (Promega), as described in Example 8 steps 1-24, 
and were biotinylated using EZ-LinkTM Biotin LC-ASA reagent (Pierce), as 
follows: 

1. ) 25 ulDEPC-treated d^O and 15 ul containing 10 ug of HT1080 mRNAwas 
added into a siliconized microfuge tube and held on ice. 

2. ) Working under subdued light, 40 ul of prepared LC-ASA stock reagent 
(1 mg/ml in 100% ethanol) was added into the reaction tube. 

3. ) A UV light (365 nm wavelength) was positioned 5 cm above the microfuge 
tube and used to irradiate the reaction mix for 15 minutes. 
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4.) Unlinked biotin reagent was removed from the labeled HT1080 mRNA by 
passing the reaction mix through an RNase-free MicroSpin P-30 column 
(BioRad) as prescribed by the manufacturer. 

HT1080cellsweretransfectedwitha P oly(A)trap P RIGactivationvector 

and grown under selective media to produce a population of drug resistant 
colonies as described in Example 1. Purified mRNAs were prepared from the 
pooled colonies using the Promega Poly-A Tract 1000 system, as described ,n 
Example 8 First strand cDNA was prepared from 5 ug of this mRNAusing ohgo 
GD Rl (TITmTTTTTTCGTC^^ 

NO10) as described in Example 8, Step 25. The reaction mix was passed 
through a Qiagen PGR Quick Clean-up column and the purified 1 st strand cDNA 

was recovered in 100 fil EB. 

ThesubtractivehybridizationofbiotinylatedHTlOSOmRNAs^btractor 

population) and 1st strand cDNAs prepared from the superpool of pRlG- 

transfected colonies (target population) was performed as follows: 

1.) 9 (igofbiotinylalod mRNA was added into a 0.5 ml mieuiluiu'tiibcconlamm!', 

0 5 ug 1st strand cDNA. 

2) moOxvolumeoflOmg/mlglycogen, l/10x volume of 3 M sodium acetate, 
pH 5.5, and 2.6x volume of 100% ethanol were added into the tube and rmxed. 

, ROT for 1 hr then spun in a refrigerated microfuge 

3. ) The tube was placed at -80 C tor 1 m, tuc f 

for 20 minutes. 1 , 

4. ) The pellet of precipitated nucleic acids was drained, washed one wrth 70/o 

ethanol, then air-dricd. , 

5. ) The pellet was solvated in 5 ul HBS (50 mM HEPES, P H 7,6; 2 mM EDTA 

0 '.2%SDS;500mMNaCl)ando^^^ 

to 95°C for 2 minutes followed by 68'C for 24 hours. 

,, . j mo ul HB (HBS without SDS) and 

6. ) The reaction mix was diluted with lou ui ru> 

extracted once with 100 pi chloroform to remove the oil. 

7 . ) The diluted hybridan mix was added to 300 p. streptavidin-coated 
paramagneuc particles (Promega) winch had bee, P re-washed 3x in 300 pi HB. 
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8. ) The mix was incubated 10 minutes at room temperature and the SA-PMP's 
and bound Biotin-mRNA:DNA hybrids were removed from solution by magnetic 
capture. 

9. ) Steps 7 and 8 were repeated once. 

10. ) The cleared solution was subjected to one additional round of subtractive 
hybridization and magnetic removal of captured hybrids (Steps 1-9), with the 
following exceptions: 

Step 6: the hybridization reaction was diluted with 2x PCR Buffer 

(40 mM Tris-HCl, pH 8.4; 100 mM KC1). 

Step 7: PMPs were pre-washed in IX PCR Buffer 

The twice-subtracted 1st strand cDNA was used to generate 2nd strand 
cDNA by combining 45 pi of 1st strand cDNA with 7 pi dH 2 0, 5 pi 50 mM 
MgCl 2 , 2 pi premix of 10 mM each dNTP, 1 pi lOx PCR Buffer, 20 pi of 12,5 
pmol/pl GD19FWV10 (5' Biotin-CTCGTTTAGTGCGGCCGCTCAG- 
ATCACTGAATTCTGACGACCT) (SEQ ID NO: 14), 20 pi of 12.5 pmol/pl 
GD.R2 (TTTTCGTCAGCGGCCGCATC) (SEQ ID NO: 12), and 0.5 pi Taq 
Polymerase, with thei mocycling as described in Example 8, Step 3 1 . The second 
strand cDNA product was amplified and further processed for the production of 
an£. co//-based cDNA library, as described in Example 8, steps 32-49. 

Example 10: Selective Capture of RIG-activated Transcripts 

HT1080 cells were transfected with pRIG19 activation vector 
(Figure 30A-30C) and cultured for 2 weeks in selective media, as described in 
Example 6. Total RNA was prepared from a pellet comprised of 10* cells using 
TRIzol® Reagent (Life Technologies, Inc.; Rockville, MD) following the 
manufacturer's protocol, and was dissolved in 720 pi of DEPC-treated dH 2 0 
(dH 2 0 DEPC ). Contaminating genomic DNA was eliminated from the RNA 
preparation by mixing 80 pi NEB lOx Buffer 2, 8 pi Promega RNasin, and 20 pi 
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10 


15 


^ „,0* v„,nme sodium acute (pH 5,), pre*-* ,he RNA w.h 2 
v o brae on00%e to oUna S o,» ta g*e^^Ape.l e .MH 1 O-,oa M 

concentration of 4.8 ug/ul. . 

mRNA transcripts derived from pEIGW-.aiva.ed genes were selecuvely 
c^tureo from .he poo, o,.o.a, ceMar RNAs b y m*ng in a 2 
JLfuge .ube .50 p, .o.a, BNA, .50 ». HBDEPC (50 HO* , P« ■ . 
2 mM EDTA; 500 - «D, 3 * ^» ™asin, and 2.5 p. (25 p,o,p 
„, i8 „GD.9. R .-Bio( S eeTab,e.),.heni n cub«.inga.70-Cfo t 5n.i„ U .e ! fo„owed 

bv 50-C for .5 minu.es. One m, of Promega s.re P .«vidin coa.ed para m »gne,c 
partic.es (S A-PMPs) was magnet, cap,red and washed 3* each wi.b ,5 m, 
of 0 5X SSC, and ,hc SA-PMPs wee left without being resided. 1 be warm 

sem i^SA-PMPs.Afr= r incaba,i"gfor,0„,i,,„.e S a. ro o„u,n,pe ra .„ re *eSA- 
PMPs were washed 3x with 1ml 0.5x SSC. 


ToWe 1: Pnmer and Oligonucleotide Sequences 



Primer/Oligo 
Name 

Sequence 

SEQDD 
NO. 

Forward 

PCR 

Primers 

GD19.Fl-Bio 

5' Biotin-CTCGTTTAGTGCGG- 
CCGCTCAGATCACTGAATTC 

TGACGACCT 

14 

GDl9.F2-Bio 

5' Biotin-CTCGTTTAGTGGCG- 
CGCCAGATCACTGAATTCTG 

ACGACCT 

15 

GD19.F2 - 

GACCTACTGATTAACGGCC- 
ATA 

16 
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Reverse 

PCR 

Primers 

GD.R1 

TTTTTTTTTTTTCGTCAGCG- 
GCCGCATCNNNNTTTATT 

10 

GD.R2 

TTTTCGTCAGCGGCCGCATC 

12 

mRNA 

Capture 

01i R o 

GD19.Rl-Bio 

TCGTCAGAATTCAGTGAT- 
CT-3' Biotin 

17 


After the final magnetic capture, the SA-PMP's were suspended in 190 
\il dH 2 ODEPCand incubated at 68 °C for 15 minutes. PMPs were immobilized 
by exposure to a magnetic and the cleared solution containing RIG-activated 
transcripts was transferred to a microfuge tube. 63 \xl of captured RIG-activated 
transcript were transferred to a PCR tube where first and second strand cDNA 
synthesis was performed using PCR program "1+2CDNA M , as follows: 

StepJ: 4°C/°°: Add into the PCR tube containing the RIG- 

activated transcripts 20 (il Sx GibcoBRL RT Buffer, 1 [i\ 
Promega RNasin, 10 \il 100 mM DTT, 5 pi dNTP premix 
at 10 mM each, 1 pi oligo GD.R1 (see Table 1) at 
25 pmol/pl. 
Step 2: 70°C/3 minutes 

Step 3: 42°C/10 minutes 

Step 4: Add 2.5 \il SUPERSCRIPT II® (Life Technologies, Inc.), 

then incubate at 37°C/1 hour 
Step 5: 94°C/2 minutes 

Step 6: 4°CK 

To the 1st strand cDNA mix, 2 jal of Stratagene RNase-It was added and 
the mixture was incubated at 37°C for 15 minutes. 600 |xl of Qiagen PB reagent 
was added to the reaction, then transferred to a Qiagen PCR clean-up column and 
processed according to the manufacturer's protocol. cDNA was eluted from the 
column in 50 fxi EB and transferred to a PCR tube. The second strand cDNA 
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reaction was performed using oligosGD19.F2-Bio (Table 1) and GD.R2 (Table 1) 
as described in Example 9. The second strand product was captured on Promega 
SA-PMPs as described in Example 9, with the exception that the final suspension 
of SA-PMPs was in lxNEB 4 Buffer and the captured cDNAs were cleaved from 
the particles using restriction endonuclease Asc I. Amplification of the second 
strand cDNA products using oligos GD19.F2 and GD.R2, digestion of the 
amplified cDNAs using endonucleases Sfil and Noil, and size selection of cDNAs 
prior to cloning were all performed as described in Example 9. The final cDNA 
cleanup was achieved by eluting the cDNA pool off a Qiagen PCR Cleanup 
column in 30 ul EB. 11 of cDNA was mixed with 4 ul 5x GibcoBRL Ligase 
Buffer, 4 pi pGD5 vector DNA previously prepared by digestion with Sfil, Nod, 
and CIP. 1 ul T4 DNA Ligase was added, and the reaction mix was incubated 
at 16°C overnight. 1 |il ofligation reaction was used to transform electro- 
competent E. coli DM 1 OB cells, which were subsequently plated on LB agar plates 
containing 12.5 ug/ml chloramphenicol. Typically, 60 to 80 bacterial colonies 
were recovered per |tl ofligation mix transformed. 

Example II: Selective Capture of RIG-activated Transcripts 

HT 1 080 cells were transfected with pRIGl 9 activation vector and cultured 
for 2 weeks in selective media, as described in Example 6. Total RNA was 
prepared from a pellet comprised of 10« cells using TRIzol® Reagent (Life 
Technologies, Inc.) following the manufacturer's protocol, and was dissolved in 
720 pi of DEPC treated dH 2 0 (dH 2 0 DEPC ). Contaminating genomic DNA was 
eliminated from the RNA preparation by mixing 80 pi NEB lOx Buffer 2, 8 pi 
Promega RNasin, and 20 pi RQ1 Promega RNase-free DNase, incubating at 37°C 
for 30 minutes, extracting sequentially with equal volumes of phenolxhlorofom 
(1:1) and chloroform, mixing with l/10x volume sodium acetate (pH 5.5), 
precipitating the RNA with 2x volume of 100% ethanol, and solvating the dried 
RNA pellet in dH20DEPC to a final concentration of 4.8 pg/ul. 
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. i . A fr,mnR TGI 9-activated genes were selectively 
mRN A transcripts denved from pKJUiy activate B 

^ from the poo, of total cellular RNAs b y rnndng in a 2 ml »M> 

microfuge * ,50 pi total RNA, .50 p. HBDEPC ( 5 0 rrM HEPES, pH . , 

2 mM EDTA; 500 mM NaCI), 3 p. Promega KM*, and 2.5 a, (25 pr-pl 
„ lig „GD 1 9.R 1 .B,o( ! eeT».),.H»inc U baun g «.70-Cfor5 mi »u l e ! Howed 

bv SOX for 15 minutes. One ml of Promega stteptavidin coated paramagnettc 
particles (SA-PMPs) was magnetically captured and washed 3xe.cl.wiih « ml 
ofOSxSSCanduteSA-PMPswereirftwithoutbeingresuspended. Thewarm 

oiigo-RNA hybridization reaction was added directly into the tube containing the 
^^SA.Pr^s.After.ncnbatingforlO.ninu.esatroo.n.empen.turetheSA. 

PMPs were washed 3x wi,h 1ml 0.5x SSC. After the final magnetic capture the 
SA-PMP's were suspended in 190 p. dH,0»« and inco bated a, 6S'C for 
15 minutes. PMPs were immobrUzed by exposure .0 a magnetic and the cleared 
soluuoncontaimngMO-aet^^ 

0 3 p, of captured RlG-ac,iv„ed transcript were transferred ,o a PC* tube where 
f « and second strand cDNA synthesis was performed using PCR program 

" 1+2CDNA", as follows: 

Stepl ■ 4°C/~: Add into the PCR tube containmg the RIG- 

acUvated transcripts 20 ,1 5x GibcoBRL RT Buffer, 1 ul 
Promega RNasin, 10 ,1 100 mM DTT, 5 ul dNTP premix 
at 10 mM each, 1 ul oligo GD.R1 (see Table 1) at 
25pmol/ul. 
Step 2: 70°C/3 minutes 

Step 3: 42°C/10 minutes 

Step 4: Add 2.5 ul SUPERSCRIPT II® (Life Technologies, Inc.), 

then incubate at 3VCl\ hour 
Step 5- 94°C/2 minutes 

Step 6- 60-CK while holding temperature, the following were 

added. 2 ul 50 mM MgCl 2 , 1 |il oligo GD19.Fl-Bio 
(Tabic 1) at 25 pmol/,»l, and 2 ul Stralagene RNacc-lt. 
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After 10 minutes, 0.5 pi Taq DNA Polymerase (Life 
Technologies, • Inc.) was added and the cycling was 
continued: 

Step 7: 72°C/10 minutes 

Step 8: 4°C/~. 

The 100 pi volume cDNA reaction mix was transferred to a 1.5 ml 
siliconized microfuge tube and extracted sequentially with equal volumes of 
phenolxhloroform (1 : 1) and chloroform, and the aqueous phase was transferred 
to a new tube and place in speed-vac for 5 minutes at 37 °C. Restriction digestion 
of the cDNA was performed by adding 74 pi dH 2 0, 20 pi NEB 1 Ox Buffer 2, 2 pi 
1 mg/ml BSA, 4 pi Sfil and incubating at 50"C for 1 hour, then adding 10 pll M 
NaCl, 4 pi Notl and incubating an additional 37°C for 1 hour. The reaction mix 
was extracted sequentially with equal volumes of phenolxhloroform (1:1) and 
chloroform, then cDNAs were precipitated by adding l/100x volume 10 mi'/ml 
glycogen, l/30x volume 3 M sodium acetate (pH 7.5), 2x volume 100% absolute 
ethanol, and freezing at -80 "C for 1 hour. The cDNA pellet was washed once 
with 70% ethanol and air dried for 15 minutes, then solvated in 5 pi dH 2 0, 1 pi 
1 OX NEB Ligase Buffer, 4 pi pGD5 vector DNA previously prepared by digestion 
withal, Notl, and CIP. 0.5 pi T4 DNA Ligase was added, and the reaction mix 
was incubated at 16°C overnight. 10 pi dH 2 0 was added to the ligation reaction 
and 0.5 pi was used to transform electro-competent E. coli DH10B cells. 
Typically, 6 to 10 colonies per pi of transformed ligation mix were observed. 

Example 12: Ligation of Activation Vectors to Genomic DNA and 
Transfection into Human Cells 

Genomic DNA was harvested from a human cell line, HT1080 (10 8 cells), 
according to published procedures (Sambrook et al„ Molecular Cloning, Cold 
Spring Harbor Laboratory Press, (1989)). The isolated genomic DNA was 
digested with Bam\ \\ under conditions that resulted in incomplete digestion. This 
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waS accomplishedbytit^ 

contained lO^g genomic DNA and 5amHI at a concentration of either 0.0 1,0.02, 
0 04,0.08,0.16,0.32,0.64, 1.28, 2.56, 5.62, or 11.24 units. After a one hour 
incubation at 37'C, the reactions were stopped by phenol extraction, followed by 
ethanol precipitin. The digested DNA from each reaction was separated by 
agarose gel electrophoresis. Reactions containing DNA predominantly in the 
range of 10 kb to 400 kb were combined for ligation to the activation vector. The 
pooled digested genomic DNA was then added to BamYSl linearized activation 
vectorinlXligationbuffer^^ 

a ndtheli g ationreactionwa S incubatedatl6«Cfor24hour, Following ligation, 
the genomic DNA/activation vector was transfected into HT1080 cel.s using 
LIPOFECTIN® (Life Technologies, Inc.) according to the manufacturer's 
procedures Optionally, the HT1080 cells were irradiated prior to or after 
transition. When cells were .rradiated, doses in the range of 0.1 rads to 200 
rads were found to he particularly useful. Following transection, cells were 
gr0 wnincomp.ctemcdia. At 36 hours post Wect.on, G4 .8 (300 ug/ml) were 
added to the media. At . 0- , 4 days post selection, the drug resistant clones were 
pooled expanded, and .-vested. Total RNA or ,„KNA was coUcctcd.front the 
harvested ce.ls. cDN A derived from vector activated genes was then synthesized 
and isolated using the methods desenbed herein (*«, «.*, Example 8 supra). 

ExampielS: Co-transfections of BAC Conti g Clones «* tke Activation 

Vector 

fe « 1 ,b,arieswe t eaea,e J inpU»iEAC(Fig»re34A.34B)acc < ,,d in g 

.1 Prac Natl Acad Set. USA S9:8794 
to published procedures (Shizuya et al, ft™- ««"• * 

(,992)) Typically, 0. *. of « ' * ^ *" 

k b .„dpreferab.yb.twe«n50 k band500 k b. TheBAClibrary was propagated 

m E. caU. To prepare plasmids for transfection, tbe 0»y « pl«ed onto LB 
agar pla.es fining .15 ug/nr. chloranrphen.col. 1000 *~ 

werepreseMoneach .SOnWate. Following grow,,, and se,ec.ion, , becolon.es 
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from each plate were eluted from the agar plate through the addition of LB and 
pooled. Each pool (-10,000 clones) was grown in 1 liter LB/12.5 pg/ml 
chloramphenicol overnight. BAC plasmids were then isolated from each pool 
using a commercial kit (Qiagen). 

Purified BAC clones were digested with I-Ppo-I which cleaves a unique 
site in the BAC vector flanking the cloning site. Since I-Ppo-I is an ultra-rare 
cutter, it will not digest the vast majority of genomic DNA inserts. Following 
digestion, the linearized genomic library clones were cotransfected into HT1080 
cells using LlPOFECTIN® (Life Technologies, Inc.) according to the manufacturer's 
directions. Briefly, 10 pg of BAC genomic DNA was combined with 1 pg of 
linearized pRIG20 (Figure 31A-31C) in a-MEM (no serum). 5 pg of 
LlPOFECTIN® was added to the DNA and the mixture was incubated at room 
temperature for 1 5 minutes. The DNA/LIPOFECTIN® mixture was then added to 
10 5 HT1080 cells in a 6 well dish. The cells were incubated with the 
DN A/LlPOFECTIN® in seaim free a-MEM for 12 hours, washed, and placed in 
a-MEM/10%FBS for 36 hours. To select for cells that had integrated the vector 
and genomic DNA, the transfected cell:; were replated into a 10 cm dish and 
incubated in the presence of 300 pg/ml G4 18 for 10 days. Drug resistant clones 
were expanded and harvested to allow isolation of the activated cDNA molecules 
as described herein in Example 8. 

Example 14: In vitro Integration of Activation Vector into Purified Genomic 
DNA and Transfection of the Integration Products into Host 
Cells 

Genomic DNA was isolated and cloned into the Bacterial Artificial 
Chromosome, pUniBAC (Figure 34A-34B), using published procedures 
(Sambrook et al., Molecular Cloning, Cold Spring Harbor Laboratory Press, 
(1989); Shizuya et al., Proc Nad. Acad ScL USA SS>:8794 (1992)). Following 
ligation of the genomic inserts into pUniB AC, the plasmids were transformed into 
the & coll strain DH10B (Life Technologies, Inc.) and selected on tetracycline. 
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Individual bacterial clones were combined into pools containing approximately 
1000 members. Each pool was grown to saturation in 1 liter LB/tetracydine. 
pUniBAC plasmids containing genomic DNA inserts were isolated from the 
bacteria using a commercial kit (Qiagen). 

For each pool of UniBAC clones, 2 ug of the library were incubated with 
50 ngofthe activation vector pRIG-T and 1 unit of mutant Tn5 transpose for 
2 hours at 37X (transposase available from Epicentre Technologies). Following 
incubation, the pUniBAC clones were transformed into DH10B cells and selected 
on chloramphenicol. All colonies from each pool were combined and grown ,n 
1 liter LB/chloramphenicol. Plasmids were harvested using Qiagen Tip-500 
columns according to the manufacturer's instructions. 

For each pool, 20 ug of the library was transfccted into 2x10' HT1080 
cells with 30 ug Ex-gen 500 (MB1 Fcrmentas) according to the manufacturer's 
instructions. At 48 hours post-lransfection, the cells were placed into media 
containing 3 ug/ml puromycin. After 10 days of growth in the presence of 
puromycin, drug resistant clones were pooled, expanded and harvested for gene 
discovery. To isolate vector activated genes, mRNA from each poo. of ce.ls was 
isolated converted to cDNA, and cloned into plasmids as described in Example 8. 
' Individual cDNA clones were analyzed by restriction digestion and sequencmg. 

DNA 

A g enomicUbrarycontaininggenomicDNAinsert S (100kbavg.size)was 
created in pUniBAC as described in Examples 13 and 14. (Note: In some 
embodiments of the invention,, the genomic fragments are cloned mto the 
linearization^^^^ 

a YAC BAG, PAC, or Cosmid based vector.) In this example, the activahon 
vector 'pRIG-TP, was integrated into the BAG genomic library using m v,tro 
^position as described in Examp.e 14. P RIG-TP is shown in Figure 36. 
Following integration, the Ubrary plasmids were transformed into E. coU and BAG 
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vectors containing an integrated pRIG-TP vector were selected for on 
chloramphenicol plates. Colonies were pooled and grown to saturation in 
LB/Tetracycline. B AC plasmids were harvested using a commercial kit (Qiagen). 

For each transfection, 20 ug of the B AC library was transfected into 2x1 0 6 
HT1080 cells using 30 ug Ex-gen 500 (MBI Fermentas) according to the 
manufacturer's instructions. At 48 hours post transfection, the cells were placed 
into mdia containing 3 ug/ml puromycin. After 10 days of selection, drug resistant 
clones were pooled and expanded. The expaned pools of drug resistant clones 
were divided into separate groups for freezing, protein production, and episome 
amplification. 

To isolate and test activated secreted proteins, culture supernatants were 
harvested and saved at -80° C until used in specific assays. Activated intracellular 
proteins were harvested from cell lysates (prepared by any method known in the 
art) and used in in vitro assays. 

To amplify the copy number of the BAC episomes, the cells were selected 
with increasing concentrations of methotrexate. In these experiments, the initial 
methotrexate concentration was 20 nM. Methotrexate concentrations were 
doubled every 7 days until cells resistant to 5 were obtained. At each 
methotrexate concentration, a portion of cells were removed for storage and 
protein production. Activated secreted and intracellular proteins were harvested 
from these cells as described for the non-methotrexate selected cells. 

Having now fully described the present invention in some detail by way of 
illustration and example for purposes of clarity of understanding, it will be obvious 
to one of ordinary skill in the art that the same can be performed by modifying or 
changing the invention within a wide and equivalent range of conditions, 
formulations and other parameters without affecting the scope of the invention or 
any specific embodiment thereof, and that such modifications or changes arc 
intended to be encompassed within the scope of the appended claims. 
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All publications, patents and patent applications mentioned in this 
specification are indicative of the level of skill of those skilled in the art to which 
thisinventionpertains, and areherein incorporated by reference to the same extent 
as if each individual publication, patent or patent application was specifically and 
individually indicated to be incorporated by reference. 


